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Individuals with HIV infection are liv-
ing longer, and they are at increased 
risk of the autoimmune disorders and 
malignancies that occur with aging in 
the general population. Treatment for 
many of these diseases includes use 
of immunobiologic agents that may 
pose risk of immune-related complica-
tions in individuals with HIV infection, 
including opportunistic infections (OIs). 

Immunobiologic Agents

Immunobiologic agents are biologically 
derived products that bind or interfere 
with a specific molecular target. These 
agents include monoclonal antibodies 
(mAbs), receptor analogues, and chi-
meric small molecules. The types of 
agents can be distinguished by the suf-
fixes in drug names that allude to their 
structure and activity; for example: 
"-cept" refers to fusion of a receptor to 
the fragment crystallizable part of hu- 
man immunoglobulin gamma 1; "-mab"  
indicates a mAb; "-ximab" indicates a 
chimeric mAb; and "-zumab" indicates 
a humanized mAb. 

Dr Chin-Hong is Professor of Medicine at 
University of California San Francisco. 

Individuals with HIV infection are living longer, and are at risk of autoimmune 
disorders and cancers associated with aging. Many of these conditions are 
treated with immunobiologic agents that affect immune function and may 
increase risk of opportunistic infections (OIs) and other immune disorders 
in individuals with HIV infection. For example, tumor necrosis factor-alpha 
inhibitors, used to treat such disorders as Crohn’s disease, are associated with 
risk of tuberculosis and histoplasmosis. Rituximab, used to treat lymphoma, 
has been associated with progressive multifocal leukoencephalopathy due  
to JC virus and reactivation of other viral infections. Idealisib, used to treat 
chronic lymphocytic leukemia, has been associated with Pneumocystis pneu- 
monia, and immune checkpoint inhibitors used to treat a variety of cancers 
have been associated with a wide range of immune-related adverse effects. 
Practitioners must maintain high vigilance for OIs and other immune-related 
disorders in patients with HIV infection who are receiving biologic therapies. 
This article summarizes a presentation by Peter Chin-Hong, MD, at the IAS-
USA continuing education program held in Chicago in May 2018. 

Keywords: HIV, immunobiologics, biologics, opportunistic infections, immune-
related disorders

Perspective

Infectious and Other Complications of Immunobiologic 
Agents Used by Individuals with HIV Infection

Examples of biologic agents include: 
tumor necrosis factor (TNF)-alpha in- 
hibitors such as infliximab, adalimu-
mab, and etanercept, which are used to  
treat autoimmune and connective tis- 
sue diseases such as rheumatoid arthri- 
tis, vasculitis, Crohn’s disease, ulcer-
ative colitis, and psoriasis; anti-CD20 
agents such as rituximab, used in treat-
ment of lymphomas; and immune 
checkpoint inhibitors, such as ipilim- 
umab and pembrolizumab, and chime-
ric antigen receptor (CAR)-T cells used 
in treatment of such malignancies as 
melanoma, leukemia, lung cancer, and 
prostate cancer. 

Biologic treatments for autoimmune 
diseases and cancers are associated 
with direct effects on immune function. 
For example, rituximab affects humoral 
immunity, and TNF-alpha inhibitors 
and a variety of other biologic 
agents affect cell-mediated im- 
munity. Conventional cytotoxic 
cancer chemotherapy affects 
innate immunity. HIV infection 
presents another dimension of  
immunosuppression that needs  
to be considered in the con-
text of the immune effects of 
such treatments. During HIV 

infection, the immune defect is death of 
CD4+ cells; the CD4+ cell count allows 
for stratification of risk for OIs or other 
immune-related conditions. In the case 
of non-HIV-related immunosuppres-
sion, such as that which can be caused 
by biologic agents, the immune defects 
are heterogeneous and there are no 
reliable methods for determining risk 
for OIs or other immune-related condi-
tions. Thus, little information on risk of 
OIs exists for individuals with HIV infec-
tion receiving biologic agents, and no 
current guidance is available on provid-
ing prophylaxis against such diseases. 
Practitioners need to maintain vigilance 
for OIs in individuals with HIV infection 
receiving biologic agents beyond that 
warranted by the patient’s immune sta-
tus with regard to HIV infection alone.

Treatment with Biologic Agents 
and OIs in HIV Infection
Some of the difficulties encountered 
in use of biologic agents in individuals 
with HIV infection can be appreciated 
by consideration of several cases. 

Case 1: A 56-year-old woman with 
HIV infection (CD4+ cell count 360/µL, 
plasma HIV-1 RNA level <50 copies/
mL) was on antiretroviral therapy (ART) 
and had Crohn’s disease managed with 
the TNF-alpha inhibitor infliximab and 
6-mercaptopurine. She presented to an 
emergency department complaining  
of shortness of breath for 3 weeks. She  
lived in Boston, and returned 4 weeks  
before from a trip to Puerto Rico, where  
she visited family and helped with pro- 
perty cleanup from a recent hurricane. 
Chest computed tomography (CT) 

Table. Identifying Suffixes in Biologic Agents

Suffix Type of Biologic Agent

–cept Receptor, fuses to Fc of human IgG1

–mab Monoclonal antibody (mAb)

–ximab Chimeric mAb

–zumab Humanized mAb

Abbreviations: Fc indicates fragment crystallizable; 
IgG1, immunoglobulin gamma 1
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showed symmetric nodules consistent 
with mycobacterial or fungal disease 
(Figure 1). Workup included negative 
respiratory smears and cultures for 
Mycobacterium tuberculosis, but the 
patient was positive for urinary Histo-
plasma antigen, resulting in a diagnosis 
of acute histoplasmosis. 

Histoplasma capsulatum is a fungus 
that lies in the soil and is endemic to 
the Ohio and Mississippi river valleys 
in the United States but also the Carib-
bean. Thus, the patient’s recent travel 
and exposure to soil in cleanup work 
was an important clue in identifying 
her opportunistic disease, particularly 
because her residence in Boston would 
not have normally put her at risk. 

Tuberculosis (TB) has been con-
sidered the classic OI associated with 
TNF-alpha inhibitor use. However, the 
patient was evaluated for active TB and 
found to be negative. Suspicion for TB in 
patients receiving TNF-alpha inhibitors 
was supported by post-marketing data 
from 1998 to 2001 following release 
of infliximab that showed 70 reported 
cases of TB.1 Median time to diagnosis 
in these cases was 12 weeks (range, 
1-52 weeks). Most cases were not pul-
monary, with extrapulmonary disease 
accounting for 57% of cases and dis-
seminated disease being found in 24% 
of cases. Such findings underscore the 
importance of TNF-alpha receptors in 
immune response to mycobacterial in- 
fection, because inhibition appears to be  

associated with rapid spread 
and disease outside the lungs,  
including miliary TB. 

Subsequent investigation 
showed that non-TB mycobac-
terial infections were more 
common than TB, and sur- 
prisingly, that histoplasmo-
sis was more common than 
mycobacterial infections in 
patients receiving TNF-alpha 
inhibitors. A survey of serious 
infections among individuals  
on TNF-alpha inhibitors in the  
United States reported in 2008 
showed 32 cases of non-TB 
mycobacterial infection, 17 
cases of TB, and 56 cases of 
histoplasmosis.2 Further, a US 
Food and Drug Administration  

alert in 2008 reported 256 cases of his-
toplasmosis in patients on TNF-alpha 
inhibitors. Figure 2 shows the distribu-
tion of endemic mycoses in the United 
States.

Case 2: A 42-year-old man living in 
Hong Kong with Crohn’s disease for 3 
years was started on infliximab after 
persistent diarrhea 5 months prior. He 
was admitted to hospital with 3 weeks 
of shortness of breath, low-grade fever, 
and dry cough. He was treated for  
presumed community acquired pneu- 
monia with amoxicillin for 1 week, 
with no improvement. Testing of spu-
tum was negative for acid fast bacilli 
on smears and culture and negative on 
respiratory virus poly- 
merase chain reaction 
(PCR). After a chest x- 
ray was performed, 
showing a military pat-
tern of infiltrates, chest 
CT showed ground glass 
opacities (Figure 3), and 
bronchoalveolar lavage 
direct fluorescent anti- 
body testing was posi-
tive for Pneumocystis 
jiroveci. The patient was 
then found to be HIV 
antibody-positive and 
was diagnosed with 
Pneumocystis pneumo-
nia. The patient had an 
allergy to trimethoprim-
sulfame-thoxazole, and 

so received treatment with clindamy-
cin and primaquine. ART was initiated. 
The patient’s CD4+ cell count was 
above 240/µL, not normally consid-
ered the threshold for Pneumocystis 
pneumonia risk. There may have been 
a synergy between the HIV infection 
and use of a TNF-alpha antagonist in  
causing immunosuppression that per-
mitted Pneumocystis infection at a 
higher CD4+ cell count. 

Case 3: A 74-year-old HIV-seronega-
tive man with interstitial lung disease 
and chronic lymphocytic leukemia 
(CLL), for which he was receiving the 
biologic agent idelalisib (a PI3Kδ inhibi-
tor), was admitted with progressive 
shortness of breath on exertion and dry 
cough for 1 month. The diagnosis was 
Pneumocystis pneumonia, again char-
acterized by a subacute presentation, 
unlike what is seen with community 
acquired pneumonia or influenza. 

Thus, there is risk of Pneumocystis  
pneumonia in patients receiving bio-
logic agents even in the absence of 
HIV infection. A retrospective analy-
sis of 2198 patients with relapsed CLL 
or non-Hodgkin lymphoma across 8 
studies showed that treatment with 
idelalisib with or without rituximab or 
rituximab/bendamustine had a rela-
tive risk of Pneumocystis pneumonia of 
12.5. Median time to diagnosis was 141 
days.3,4 Yet there remains no standard 
Pneumocystis pneumonia prophylaxis 
guidance to address such risk. 

Figure 1. Chest computerized tomography scan 
showing bilateral nodules in a patient with pulmonary 
endemic mycosis (pulmonary coccidiodomycosis).  
Image courtesy of Brett Elicker, MD; University of  
California San Francisco.

Figure 2. Distribution of endemic mycoses in the United 
States. Adapted from Winthrop et al.2

Cryptococcus gattii

Coccidioides immitis

Blastomycosis dermatitidis

Histoplasma capsulatum
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Case 4: A 69-year-old HIV-seronega-
tive woman with low-grade lymphoma 
treated with rituximab developed 
slowly progressive mental status  
changes months after stating treat-
ment. A cerebrospinal fluid PCR was 
positive for JC virus and magnetic re- 
sonance imaging findings were consis- 
tent with progressive multifocal leuko- 
encephalopathy (PML), and a diagnosis 
of PML was made (Figure 4). 

Such cases illustrate not that spe-
cific OIs are necessarily associated 
with specific biologic agents—although 
the linkage between TNF-alpha inhibi-
tors and TB is robust—but that OIs 
occur even in circumstances in which 
they are unexpected. Again, the pri-
mary point to be gleaned from these 
scenarios and available data is that 
practitioners must be vigilant for OIs in 
their patients with HIV infection who 
are taking biologic agents. 

With regard to viral infections associ-
ated with biologic treatment, hepatitis 
B virus (HBV) reactivation is a well-
known risk with TNF-alpha inhibitors, 
requiring screening for HBV infection 
before starting treatment, and is also 
common with rituximab treatment.5 JC 
virus infection resulting in PML is asso-
ciated with use of natalizumab (used in 
Crohn’s disease and multiple sclerosis). 
JC virus IgG must be assessed before 
starting treatment, with the drug not 
being used in those with positive results. 
As noted, PML has also been found in 
patients receiving rituximab, although 

there currently is no guidance 
on screening for JC virus in this  
setting. Rituximab has also been  
associated with varicella zoster 
virus reactivation. 

Immune checkpoint inhibi- 
tors have had a dramatic im- 
pact on treatment of numerous 
cancers, including such agents 
as the anti-CTLA-4 antibody ipi- 
limumab and the anti-PD1 an- 
tibodies pembrolizumab and 
nivolumab.6 These agents act 
to block inhibitory immune sys- 
tem signaling, resulting in in- 
creased immune activation and  
anti-tumor activity. Due to their  
mechanism of action, the agents  
are associated with a wide vari-

ety of immune-related adverse effects 
including increased risk of infection. 

Case 5: A 52-year-old man with HIV 
infection (CD4+ cell count, 450/µL; 
plasma HIV-1 RNA level, <50 copies/mL)  
on abacavir/dolutegravir/lamivudine 
with skin squamous cell cancer was 
enrolled in a trial of the PD-1 inhibitor  
nivolumab for 1 year. He presented with  
fecal incontinence and diarrhea. The 
diagnosis was checkpoint inhibitor-
associated colitis (Figure 5). The patient 
was treated with high-dose prednisone 
and the TNF-alpha inhibitor infliximab; 
the nivolumab was stopped. His skin 
cancer remained in partial remission. 
As indicated by this case, a common 
treatment for immune-related adverse 
events with immune checkpoint in- 
hibitors is TNF-alpha inhibitor ther- 
apy, which suppresses the im- 
mune activation produced 
by the checkpoint inhibitors; 
and, this agent itself poses risk 
for OIs. 

Another immune therapy  
that has shown activity in treat-
ment of cancers is CAR-T cell 
therapy. Treatment involves 
collection of autologous T cells 
from an individual patient 
with cancer. The T cells are 
then genetically modified to 
respond to tumor cell surface 
antigens. The population of 
these T cells is expanded and 
then infused into the patient 
with cancer. The treatment is  

associated with substantial immune- 
related adverse events, including cyto- 
kine release syndrome.8 Patients re- 
ceiving this treatment are also at risk 
of OIs due to the immunosuppres-
sive therapy used to treat the immune 
effects of CAR-T cell therapy.  

Conclusion

The main points in managing indi-
viduals with HIV infection who are 
receiving biologic agents are under-
standing what the agent is being used 
for, the mechanism of action of its 

Figure 3. Chest computerized tomography scan 
showing diffuse ground glass opacities in a patient 
with pneumocystis pneumonia. Image courtesy 
of Brett Elicker, MD; University of California San 
Francisco.

Figure 4. T2-weighted magnetic resonance 
imaging scan showing progressive mul-
tifocal leukoencephalopathy. Taken from 
radswiki.net under the Creative Commons 
License.7

Figure 5. Colonoscopy showing diffuse colitis. Image 
courtesy of Justin Sewell, MD, MPH; University of 
California San Francisco.
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therapeutic effect, and the immune-
related adverse effects associated with 
the agent. Maintaining vigilance for OIs 
that may occur given immunosuppres-
sive effects in patients who are already 
immunosuppressed due to HIV infec-
tion is crucial. This includes vigilance 
for OIs that could be considered to be 
‘unexpected’ given the patient’s clin-
ical status with regard to HIV infection 
alone. For evaluation of patients with 
HIV infection who are using biologic 
agents, it is important to know whether 
the patient has adequate immune 
reconstitution (eg, CD4+ cell count 
 >200/µL), and whether there are drug 
interactions between ART and bio-
logic agents. Patient status with regard 
to TB history and risk must be ascer-
tained, and patient HBV status should 
be known. It is also prudent to stay 
apprised of patient travel history and 
to be aware of endemic mycoses. It is 
important to recognize that individuals 
with HIV infection receiving treatment 
with a biologic agent may present with 
a new complication that has not been 
previously reported. 

Presented by Dr Chin-Hong in May 2018. 
First draft prepared from transcripts by 
Matthew Stenger. Reviewed and edited by 
Dr Chin-Hong in September 2018.
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It is estimated that approximately 71 
million people worldwide (1% of popula-
tion) have active hepatitis C virus (HCV) 
infection.1 As of 2015, there were an 
estimated 1.75 million new infections 
per year. Global annual mortality from 
hepatitis, driven by HCV and hepatitis  
B virus (HBV), is increasing. As of 2015, 
related mortality was virtually identi-
cal to that caused by tuberculosis as 
the leading infectious disease causes of 
death.1 In order to eliminate HCV dis-
ease, it will be necessary to decrease 
transmission of the virus, reach the 
populations at the highest risk for  
transmission and infection, and ensure 
that these patients are engaged in care 
and treatment. 

Chronic HCV Treatment

Figure 1 shows direct-acting antivi-
rals (DAAs) available for treatment of 

Dr Naggie is Associate Professor of Medi-
cine at Duke University School of Medicine 
in Durham, North Carolina.

Direct-acting antiviral (DAA) regimens now allow treatment of previously 
untreated or treated (including prior DAA failures) patients with chronic 
hepatitis C virus (HCV) infection with 8 or 12 week regimens, largely with- 
out the use of ribavirin. Newer next-generation pan-genotypic regimens 
with activity against resistance-associated substitutions include glecaprevir/
pibrentasvir (GLE/PIB), a combination of a nonstructural protein (NS)3 pro- 
tease inhibitor and an NS5A inhibitor, and sofosbuvir/velpatasvir/voxila- 
previr (SOF/VEL/VOX), a combination of an NS5B polymerase inhibitor, NS5A  
inhibitor, and NS3 protease inhibitor. Both regimens have indications in 
DAA-experienced patients. GLE/PIB is approved for treatment of patients 
with genotype 1, 2, 3, 4, 5, or 6 infection without cirrhosis or with com- 
pensated cirrhosis and for the treatment of patients with genotype 1 in- 
fection previously treated with a regimen containing an NS5A inhibitor 
or an NS3/4A protease inhibitor, but not the combination. SOF/VEL/VOX is 
approved for retreatment of patients without cirrhosis or with compensated 
cirrhosis with genotype 1, 2, 3, 4, 5, or 6 infection previously treated with 
an NS5A inhibitor-containing regimen, or with genotype 1a or 3 previously 
treated with a SOF-containing regimen without an NS5A inhibitor. This 
article summarizes an IAS-USA webinar given by Susanna Naggie, MD, MHS, 
on August 30, 2018. 
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glecaprevir, pibrentasvir, sofosbuvir, velpatasvir, voxilaprevir

Perspective

Treating HCV Infection: It Doesn’t Get Much Better  
Than This

chronic HCV infection. These include: 
the HCV nonstructural protein (NS)3-4A  
protease inhibitors grazoprevir, glecap-
revir (GLE), and voxilaprevir (VOX); the 
NS5A inhibitors daclatasvir, elbasvir, 

ledipasvir, velpatasvir (VEL), and pibren-
tasvir (PIB); and the NS5B polymerase 
inhibitor sofosbuvir (SOF). DAA regi- 
mens include 2 or 3 targeted mecha-
nisms in combination to overcome the  
rapid emergence of resistance that 
occurs with single-target therapy. 

Before starting anti-HCV therapy, it 
is necessary to know whether or not 
a patient has cirrhosis, the patient’s 
prior treatment experience (including 
prior exposure to DAAs), and whether 
resistance testing is required. In addi-
tion, patients’ renal and liver function 
must be assessed, including calcula-
tion of the Child-Pugh (CP) score for all 
patients with cirrhosis. The potential 
for drug interactions must be con-
sidered, and the HBV status must be 
determined. Whether the genotype 
or subtype of the infecting virus is 
required is debatable. With pan-geno-
typic regimens there is the potential to 
forgo this testing and in some clinical 
situations this may be desirable. There 
are also situations in which knowledge 
of genotype prior to therapy may be 
useful. For example, in groups at high 
risk for reinfection, knowledge of the 
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Figure 1. Direct-acting antivirals and viral targets in the HCV genome. IRES indicates internal 
ribosome entry site; NS, nonstructural protein. Adapted from Naggie et al.17 
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underlying genotype or subtype may 
be useful in differentiating relapse 
from reinfection. 

The American Association for the 
Study of Liver Disease (AASLD) and 
Infectious Diseases Society of America 
(IDSA) guidelines website (https://www.
hcvguidelines.org)2, updated on May 
24, 2018, includes an active interface 
that allows users to enter items includ-
ing genotype or subtype and presence 
or absence of cirrhosis and provides 
HCV regimen recommendations based  
on the information entered. The web- 
site also includes easier access to rec- 
ommendations for treatment and man- 
agement of key populations, including 
persons who inject drugs, men who 
have sex with men, and persons in cor-
rectional facilities. 

Table 1 shows the AASLD/IDSA re 
commended regimens for treatment-
naive or peginterferon/ribavirin (PEG/
RBV)-experienced patients with HCV 
genotypes 1, 2, and 3 without cirrho-
sis or with compensated cirrhosis. As  
shown, these regimens are 8 or 12 
weeks in duration and largely eliminate 
the need for ribavirin. Selection of par-
ticular regimens may depend on the 
presence of severe renal dysfunction, 
in which case sofosbuvir (SOF) is to 
be avoided; the presence of liver dys-
function (CP score B or C), in which 
case NS3 protease inhibitors are to be 
avoided; the need to consider other 
therapies instead of the combination 
of elbasvir/grazoprevir in patients with 
genotype 1a infection with NS5A resis-
tance-associated substitutions (RASs); 
and the need to consider potential 
interactions with drugs a patient may 
be taking for other conditions, such 
as HIV or HBV infection. All anti-HCV 
DAAs carry a black box warning for the 
potential reactivation of HBV infection, 
which has been primarily described in 
patients with positive HBV surface anti-
gen who are not on active nucleoside 
analogue therapy. Recommendations 
for some patients with genotype 3  
infection are somewhat more compli-
cated. For patients with cirrhosis or 
prior PEG/RBV treatment, NS5A RAS 
testing is recommended. For those 
with high fold change RASs detected  
or in whom prior treatment with NS5A 

inhibitors or SOF-containing regimens 
has failed, triple-combination regimens 
are recommended. 

Recently Approved Pan-
Genotypic Regimens

Glecaprevir/Pibrentasvir

Glecaprevir/pibrentasvir (GLE/PIB) is a  
pan-genotypic regimen, combining a  
next-generation NS3 inhibitor with 
a next-generation NS5A inhibitor. It 
was approved in 2017 for treatment 
of patients with genotype 1, 2, 3, 4, 
5, or 6 infections without cirrhosis (8 
weeks) or with compensated cirrho-
sis (12 weeks), and for the treatment 
of patients with genotype 1 infection 
previously treated with a regimen con-
taining an HCV NS5A inhibitor or an 
NS3/4A protease inhibitor, but not the 
combination (16 weeks).3

GLE/PIB is a coformulated regimen 
(3 pills once a day), with activity against 
resistance mutations to previously ad- 
ministered NS3 and NS5A inhibitors,  
including NS3 RAS at codons 80, 155, 
168 and NS5A RAS at codons 28, 
30, 31, 93. The drugs are not renally 
excreted, and can be used in patients 
with severe renal dysfunction or end-
stage renal disease. Since the regimen 
contains a protease inhibitor, it should 
not be used by patients with severe 
liver disease (CP B or C) due to higher 

exposure to the protease inhibitor and 
potential risk of hepatotoxicity. Pro-
tease inhibitors are also associated 
with a greater number of drug-drug 
interactions. Use with acid-suppress-
ing medications remains a matter of 
debate, since pharmacokinetic studies 
reported reduced GLE exposure in the 
setting of concomitant dosing with pro-
ton pump inhibitors; however, use of 
acid-suppressing agents was permitted 
in phase II and III studies and available 
data do not indicate a reduction in sus-
tained virologic response (SVR) rates in 
patients taking these agents.4 

The GLE/PIB clinical development  
program focused on an 8-week treat- 
ment course of treatment-naive pa- 
tients and patients with PEG/RBV fail-
ure without cirrhosis, a 12-week course 
in patients with cirrhosis, approval for 
use in renal impairment, HIV coinfec-
tion, and the post-liver transplantation 
setting. The regimen was not exten-
sively evaluated in the DAA salvage 
setting and in this setting 12 to 16 
weeks of therapy was assessed. 

Figure 2 shows pooled SVR rates in 
studies of GLE/PIB by HCV genotype 
with 8 (n=828) or 12 (n=1076) weeks 
of treatment in patients without cir-
rhosis. Patients were treatment-naive 
or had previous treatment failures with 
PEG/RBV with or without sofosbuvir 
or with SOF/RBV.5,6 As shown, SVR 
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Figure 2. Pooled sustained viral response rates in studies of glecaprevir/pibrentasvir by 
hepatitis C virus genotype with 8 or 12 weeks of treatment in patients without cirrhosis. 
Patients were treatment-naive or had treatment failures with peginterferon/ribavirin with or 
without sofosbuvir or with sofosbuvir/ribavirin (treatment-experienced). Adapted from Puoti 
et al and Zeuzem et al.5,6
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rates did not differ between 8-week 
and 12-week courses. The SVR rate 
was 97% in genotype 3 disease with 
8 weeks of treatment, and although 
this is a very high rate, it still raised 
concerns about the shorter treatment 
course for this genotype, particularly 
among treatment-experienced patients 
with genotype 3 infection. A separate 

study (ENDURANCE-3) in patients with 
treatment-naive genotype 3 infection 
without cirrhosis showed noninferior-
ity of an 8-week course and a 12-week 
course with a 12-week course of dacla-
tasvir/SOF, with SVR rates of 95%, 95%, 
and 97% respectively.5 It is important 
to note that 50% (n=5) of the viro-
logic failures with GLE/PIB occurred 

in patients with an A30K mutation at 
baseline. Although the A30K does not 
confer resistance to PIB, it appears to 
lower the barrier to the development of 
the Y93H, which in combination con-
fer a 69-fold resistance to PIB.

In Part 3 of the SURVEYOR-2 treat- 
ment salvage study, treatment-expe-
r ienced patients with genotype 3 
infection achieved SVR at 12 weeks 
(SVR12) in 91% (20/22) of patient) with 
a 12-week course and in 96% (21/22) of 
patients with a 16-week course.7 Among 
treatment-naive patients with cirrho-
sis, SVR12 was 98% (39/40 patients) 
with a 12-week course, whereas a 
16-week course in treatment-experi-
enced patients with cirrhosis resulted 
in an SVR12 of 96% (45/47 patients). 
These findings contributed to the rec-
ommendation of a 12-week course 
in treatment-naive patients with cir-
rhosis and a 16-week course in PEG/
RBV-experienced patients with or with-
out cirrhosis. 

The EXPEDITION-4 study enrolled 
104 patients with renal impairment (all 
with glomerular filtration rate [GFR] 
<30 mL/min; 82% on dialysis) and 
genotypes 1 to 6 infection and reported 
an SVR12 of 98% with 12 weeks of  
treatment.8,9 The current recommenda- 
tions are 8 weeks for treatment-naive 
patients without cirrhosis and 12 weeks 
for those with cirrhosis, which is con-
sistent with the recommendations in 
patients without renal dysfunction. 

The EXPEDITION-2 study enrolled 
151 patients with HIV/HCV coinfection,  
including 15 with cirrhosis, and 19% 
with prior treatment. Those without 
cirrhosis (n=136) received an 8-week 
course of therapy and achieved 100% 
SVR12 and those with cirrhosis re- 
ceived a 12-week course of therapy and 
achieved 93% (14/15) SVR12.10 These 
data led to the approval of GLE/PIB in 
patients with HIV/HCV coinfection.  
With regard to drug-drug interactions 
with GLE/PIB, antiretroviral drugs that 
should not be used concomitantly in- 
clude boosted atazanavir, boosted da- 
runavir, efavirenz, and etravirine. Data 
are unclear for cobicistat-boosted 
elvitegravir due to increased exposures 
to GLE in the setting of the pharma-
cologic booster or cirrhosis and the 

Table 1. American Association for the Study of Liver Disease/Infectious Diseases 
Society of America Recommended Regimens and Lengths of Treatment for Treat-
ment of Hepatitis C Virus (HCV) Infection, 2018.2

Regimen Weeks Ratinga

Recommended regimens for treatment-naive or PEG/RBV-experienced patients 
with HCV genotype 1 without cirrhosis

Elbasvir/grazoprevir (except GT1a with NS5A RAS) 12 I, A

Glecaprevir/pibrentasvir 8 I, A

Ledipasvir/sofosbuvir 8b-12 I, A/B

Sofosbuvir/velpatasvir 12 I, A

Recommended regimens for treatment-naive or PEG/RBV-experienced patients 
with HCV genotype 1 with compensated cirrhosis

Elbasvir/grazoprevir (except GT1a with NS5A RAS) 12 I, A

Glecaprevir/pibrentasvir 12 I, A

Ledipasvir/sofosbuvir 12c I, A

Sofosbuvir/velpatasvir 12 I, A

Recommended regimens for treatment-naive or PEG/RBV-experienced patients 
with HCV genotype 2 with or without compensated cirrhosis

Glecaprevir/pibrentasvir 8/12 I, A/B

Sofosbuvir/velpatasvir 12 I, A

Recommended regimens for treatment-naive patients with HCV genotype 3 with 
or without compensated cirrhosis

Glecaprevir/pibrentasvir 8/12 I, A/B

Sofosbuvir/velpatasvir (NS5A RAS testing)de 12 I, A

Recommended regimens for PEG/RBV-experienced patients with HCV genotype 3 
with or without compensated cirrhosis

Sofosbuvir/velpatasvir (NS5A RAS testing)e 12 I, A

Elbasvir/grazoprevir + sofosbuvir (cirrhosis)f 12 I, B

Sofosbuvir/velpatasvir/voxilaprevir (cirrhosis)f 12 IIb, B

Adapted from http://hcvguidelines.org/, December 18, 2018. 
Abbreviations: PEG/RBV, peginterferon/ribavirin; NS5A, nonstructural protein 5a; RAS, resistance-
associated substitution; GT, genotype.
 aSee https://www.hcvguidelines.org/contents/methods/table-2 for explanation.
 bTreatment-naive only with baseline HCV RNA <6 million IU/mL.
 cPEG/RBV failure requires addition of RBV for ledipasvir/sofosbuvir which is an alternative. 

 dRAS testing is only recommended for patients with cirrhosis.
 eA different regimen is recommended if high fold RAS is present. 
 fNot an FDA-approved use.

https://www.hcvguidelines.org/
https://www.hcvguidelines.org/contents/methods/table-2
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enrollment of only 1 participant on this 
regimen in the registration trial. Agents 
that can be used concomitantly include 
rilpivirine, raltegravir, dolutegravir, 
bictegravir, and nucleoside reverse 
transcriptase inhibitors (nRTIs).

Safety data for GLE/PIB are sum-
marized in Table 2. The most common 
adverse events of any grade in both 
patients with and without cirrhosis 
were headache and fatigue, which 
are commonly reported with all DAA 
therapies. 

Sofosbuvir/Velpatasvir/Voxilaprevir

Sofosbuvir/velpatasvir/voxilaprevir 
(SOF/VEL/VOX) is a pan-genotypic regi- 
men with activity against NS3 RASs 
at codons 80, 155, and 168 and NS5A 
RASs at codons 28, Q30, and 31. 
Similar to other protease inhibitor-
containing regimens, it is not safe for 
use in patients with CP B or C liver 
disease and poses increased risk for 
drug-drug interactions. Since it con-
tains SOF, it is not approved for use in 
patients with GFR below 30 mL/min or 
end-stage renal disease. VEL exposure 
is reduced with concomitant use of 
acid-suppressing agents, thus when 
possible concomitant dosing should 
be avoided and at a minimum a strict 
dosing schedule followed per the pack-
age insert. It is approved as a 12-week 
course for retreatment of patients with- 
out cirrhosis or with compensated cir-
rhosis with genotype 1, 2, 3, 4, 5, or 6 

infection previously treated with an 
NS5A inhibitor-containing regimen, 
or with genotype 1a or 3 previously 
treated with a SOF-containing regimen 
without an NS5A inhibitor.

The clinical development program 
for SOF/VEL/VOX focused on an 8-week 
treatment course in treatment-naive 
patients and PEG/RBV-experienced 
patients and on use in salvage of pa- 
tients with prior DAA treatment fail-
ure. There was no registration trial in 
patients with HIV infection, liver trans-
plantation, or renal disease. Although 
there is no expectation that patients 
with HIV infection would respond dif-
ferently to new DAA regimens, their 
exclusion in registration trial programs 
like SOF/VEL/VOX limit the information 

provided to clinicians in light of the 
potential drug-drug interactions that 
are unique to this population. 

In the POLARIS 2 trial, the 8-week 
treatment course failed to meet non-
inferiority compared with a 12-week 
course of SOF/VEL in treatment-naive 
or PEG/RBV-experienced patients.11 
This failure to meet the predefined 
noninferiority margins was due to  
a lower-than-expected SVR rate of  
92% in participants with genotype 1a  
infection. Based on those findings, 
the regimen was not approved in the 
United States as an 8-week course in 
treatment-naive or PEG/RBV-experi- 
enced patients. A relapse rate of ap- 
proximately 4% was observed in the  
genotype 1a group. Although the reason 
for the higher failure rate in genotype 
1a is not clear, the increased preva-
lence of the baseline Q80K mutation 
has been identified as a potential risk 
factor. The RAS, which is prevalent in 
US populations, decreases the barrier 
to resistance for treatment emergent 
RASs without conferring resistance 
to VOX in and of itself.

Meanwhile, the 8-week course was  
approved in Europe, where SVR rates 
were 97%. In a post-hoc analysis by the 
European Medicines Agency,12 baseline  
variables associated with virologic fail-
ures included the presence of the Q80K 
mutation, IL28B T allele, and higher 
HCV RNA level and higher body mass 
index at baseline, all of which are more 
common in the United States. 

Table 2. Glecaprevir/Pibrentasvir Safety Profile in Individuals With (n=228) or 
Without (n=1977) Cirrhosis.18 

Adverse Event (AE) No cirrhosis  
n (%)

Cirrhosis  
n (%)

Any AE 1316 (67) 213 (74)

AE ≥10%
 - Headache
 - Fatigue

 
363 (18)
272 (14)

 
47 (16)
58 (20)

Any serious AE 31 (2) 17 (6)

Drug-related serious AE 1 (<0.1) 0

AE leading to discontinuation 8 (0.4) 0

Drug-related AE ≥ grade 3 4 (0.2) 0

Fatal AE 2 (0.1) 0

Death 5 (0.3) 1 (0.3)

Table 3. Sofosbuvir/Velpatasvir/Voxilaprevir Safety Profile in Individuals With 
(n=405) or Without (n=1056) Cirrhosis.19 

Adverse Event (AE) No cirrhosis  
n (%)

Cirrhosis  
n (%)

Any AE 790 (75) 308 (76)

AE ≥10%
 - Headache
 - Fatigue
 - Diarrhea
 - Nausea

 
277 (26)
233 (22)
188 (18)
162 (15)

 
- -
- -
- -
- -

Any serious AE 26 (2.5) 7 (0.7)

Drug-related serious AE 0 0

AE leading to discontinuation 1 (0.1) 1 (0.2)

AE ≥ grade 3 21 (2) 8 (0.7)

Death 2 (0.2) 1 (0.2)
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With regard to drug-drug interactions 
with SOF/VEL/VOX, antiretroviral drugs 
that should not be used concomitantly 
include boosted atazanavir, efavi-
renz, and etravirine; data are unclear 
for boosted darunavir and cobicistat-
boosted elvitegravir due to increased 
voxilaprevir exposures in non-infected 
volunteer studies.13 Agents that can be 
used concomitantly with SOF/VEL/VOX 
include rilpivirine, raltegravir, dolute-
gravir, bictegravir, and nRTIs. Headache 
and fatigue are the most common ad- 
verse events of any grade, with gas-
trointestinal adverse events also being 
common (Table 2). 

Salvage Treatment in DAA-
Experienced Patients
Retreatment in 2019 is primarily focused 
on patients with prior DAA failures. The 
considerations for retreatment should 
primarily consider whether the prior 
treatment regimen included an NS5A 
inhibitor. Prior failure of an NS5A-con-
taining regimen increases the risk of 
treatment emergent NS5A RASs, which 
are fit and can be long-lived. Further-
more, the presence of these treatment 
emergent RASs may increase the risk 
of relapse with some salvage regimens. 

Data from small numbers of DAA-
experienced patients treated with 
GLE/PIB indicated poorer outcomes 
in patients with previous failure with  
the combination of a protease inhibi-
tor and an NS5A inhibitor.14 This was 
in large part because these individu-
als were more likely to have RASs in 
both gene targets. Higher SVR rates 
were seen in patients in whom only 
an NS5A inhibitor had previously failed 
(88% with 12 weeks of treatment, 94% 
with 16 weeks of treatment). The best 
outcomes occurred in those in whom 
only a protease inhibitor had previ-
ously failed (SVR in 100% with 12 and 
16 weeks of treatment).15 Such find-
ings supported the US Food and Drug 
Administration approval of a 16-week 
course of treatment for patients with 
genotype 1 infection previously treated 
with a regimen containing an HCV 
NS5A inhibitor or an NS3/4A protease 
inhibitor, but not both in combination.

With regard to SOF/VEL/VOX, a trial in 
patients with prior non-NS5A inhibitor  

failure (POLARIS 4) showed SVR12 rates  
of 97% among 182 patients treated with 
12 weeks of SOF/VEL/VOX versus 90% 
among 151 patients with 12 weeks of 
SOF/VEL.16 However, analysis by geno-
type indicated that SOF/VEL performed 
as well as SOF/VEL/VOX in genotypes 
1b, 2, and 4, whereas SVR12 rates were 
higher with SOF/VEL/VOX in genotypes 
1a (98% vs 89%) and 3 (94% vs 85%). 
These data supported the approval of 
SOF/VEL/VOX in genotypes 1a and 3, 
although retreatment of other geno-
types would be recommended with 
SOF/VEL for 12 weeks. 

In a study in patients with NS5A 
inhibitor failure (POLARIS 1), 12 weeks 
of SOF/VEL/VOX resulted in SVR12 
rates of 97% among 142 patients with-
out cirrhosis and 93% among 121 
with cirrhosis,16 with relapses being 
observed among patients with geno-
type 3 infection and cirrhosis. The 
12-week regimen is approved for all 
genotypes in patients without cirrhosis. 
Current recommendations are to add 
RBV in DAA experienced patients with 
cirrhosis and genotype 3 infection.  

Presented by Susanna Naggie, MD, in August 
2018. First draft prepared from transcripts by 
Matthew Stenger. Reviewed and edited by Dr 
Naggie in December 2018.
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 UPCOMING ACTIVITIES

      Year-Round   Cases on the Web
 A series of web-based, case-driven CME activities, created to offer convenient online access to top-
quality professional education. Visit the IAS–USA website for a full list of Cases on the Web activities. 
Recent activities address the following topics:

Geriatrics and HIV 
Authors: Harjot K. Singh, MD, ScM; Eugenia L. Siegler, MD  
Last Updated: January 22, 2018 
Expires: January 22, 2019

Dates above may be subject to change. IAS–USA announcements are paperless, so please watch for 
email updates or visit www.iasusa.org for course information, agendas, and online registration, or to 
access archives of educational resources from past activities. 

Coming Soon

Annual Full-Day HIV Courses
These live, full-day CME courses continue to feature cutting-edge, scientifically rigorous topics 
presented by leading experts in the field of HIV medicine. Visit the IAS–USA website for up-to-date 
information and podcasts of prior courses. This spring, IAS–USA courses focusing on the manage-
ment of HIV infection will be held in:

New York, New York—Monday, March 18, 2019
Chairs: Gerald H. Friedland, MD; Paul A. Volberding, MD

Atlanta, Georgia—Friday, March 29, 2019
Chairs: Michael S. Saag, MD; Jeffrey L. Lennox, MD 

Berkeley, California—April 8, 2019
Chairs: Stephen E. Follansbee, MD; Robert T. Schooley, MD

Washington, DC—Monday, April 29, 2019
Chairs: Michael S. Saag, MD; Henry Masur, MD 

Los Angeles, California—Monday, May 6, 2019
Chairs: Constance A. Benson, MD; Ronald T. Mitsuyasu, MD

Chicago, Illinois—Thursday, May 23, 2019
Chairs: Paul A. Volberding, MD; John P. Phair, MD

 Interactive Webinars
Live, interactive continuing medical education (CME) in the comfort of your home or office, free of 
charge. Participants can ask questions and receive responses in real time. Visit the IAS–USA website 
for details. Upcoming webinars will cover the following topics: 

Ending the HIV Epidemic Among Youth—February 12, 2019
Presenter: Donna C. Futterman, MD

HIV and Cardiovascular Disease—February 19, 2019
Presenter: Turner Overton, MD

HIV and Pregnancy—March 26, 2019
Presenter: Monica Gandhi, MD, MPH

Updates on HIV Epidemiology and Prevention From CROI 2019—April 16, 2019
Presenter: Susan P. Buchbinder, MD

Prior webinars are available for CME credit for up to 1 year after the live broadcast. Visit the IAS-
USA website for a full list of archived webinars.

Spring 2019

https://www.iasusa.org/activities/cases-on-the-web/
http://www.iasusa.org
https://www.iasusa.org/activities/live-courses/hiv-courses/
https://www.iasusa.org/activities/webinars/upcoming-webinars/
https://www.iasusa.org/activities/webinars/upcoming-webinars/
https://www.iasusa.org/activities/webinars/archived-cme-webinars
https://www.iasusa.org/activities/webinars/archived-cme-webinars
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Highlights
• Resistance testing remains a cornerstone of antiretroviral therapy (ART).

•  Resistance testing in drug-naive individuals is recommended at the time of diagnosis to detect potential 
transmitted drug resistance (TDR).

•  TDR and pretreatment drug resistance should be monitored on a country level, accounting for different 
transmission groups. 

•   Drug resistance testing to detect minority variants is not currently recommended outside of research set-
tings, but may be considered for nonnucleoside reverse transcriptase inhibitors (NNRTIs).

•  HIV-1 subtype need not be a consideration regarding HIV drug resistance in selecting ART regimens with 
nucleoside reverse transcriptase inhibitors (nRTIs), NNRTIs, protease inhibitors (PIs), and integrase strand 
transfer inhibitors (InSTIs). 

•  The recommended compartment for drug resistance testing is plasma dot Inclusion of the protease and first 
half of the reverse transcriptase (up to at least nucleotide 215) is recommended for all genotypic testing. 

• Routine InSTI resistance testing in drug-naive individuals is currently not recommended. 

•  Baseline InSTI resistance testing is recommended in select patients with evidence of TDR, such as those 
with nRTI- or multi-class resistance. 

•  Monitoring of TDR and pretreatment drug resistance to InSTIs in selected sites in resource-rich settings and 
low- and middle-income countries is recommended. 

•  Drug resistance testing is recommended in patients who are not responding adequately to a new antiret-
roviral treatment, or in whom a previously successful treatment is failing.

•  The major question to be answered for the future will be whether TDR of InSTI resistance will remain as 
low as it has been up to now, or whether it will increase in the future as it has for all previously introduced 
drug classes. This will need very close monitoring, in all areas, but particularly in sub-Saharan Africa, where 
dolutegravir-containing regimens are now being rolled out extensively.

Human Immunodeficiency Virus Drug Resistance: 
2018 Recommendations of the International Antiviral Society–USA Panel

Antiretroviral Drugs for Treatment and Prevention  
of HIV Infection in Adults 

2018 Recommendations of the International Antiviral Society–USA Panel

Highlights
•  Antiretroviral therapy (ART) remains the foundation of prevention and management of HIV 

infection. 

•  Continued advances in the development of antiretroviral drugs for HIV infection prevention and 
treatment are necessary and are contributing to improved clinical management and outcomes for 
individuals at risk for or living with HIV infection.

•  Initial regimens focused primarily on unboosted integrase strand transfer inhibitor (InSTI)- 
containing regimens.

• Encourage rapid initiation of ART, including same-day initiation, if feasible.

•  Routine use of Mycobacterium avium complex primary prophylaxis is no longer recommended for 
those with advanced disease on effective ART.

•  Discontinue routine CD4+ counts once a patient has sustained undetectable HIV RNA for a year 
and has a CD4+ count above 250 cells/uL. 

•  Alternatives for preexposure prophylaxis for those who are uninfected with HIV but remain at risk 
for infection now include an episode-based “2-1-1” approach, where at-risk individuals can take 2 
ART pills prior to exposure followed by 1 pill once daily for 2 days after exposure (2-1-1).

Published in Clinical Infectious Diseases
•  Compiled by a volunteer panel of international experts in HIV drug 

resistance research and antiviral therapy

•  Authors: Huldrych F Günthard, MD; Vincent Calvez, MD, PhD; Roger 
Paredes, MD, PhD; Deenan Pillay, MD, PhD; Robert W Shafer, MD; 
Annemarie M Wensing, MD, PhD; Donna M Jacobsen, BS; Douglas  
D Richman, MD

•  For clinicians providing care for patients with HIV infection, public 
health officials, drug resistance testing laboratories, and epidemiolo-
gists working in HIV-drug resistance

•  Update 2008 recommendations (Hirsch et al, Clinical Infectious  
Diseases, 2008) and summarize new developments in drug resistance 
testing and put them into an evidence based context to optimize anti-
retroviral treatment and care for individuals living with HIV infection

Published in the Journal of the American Medical Association

•   Developed by a volunteer panel of international experts in HIV 
research and patient care

•   Authors: Michael S. Saag, MD; Constance A. Benson, MD; 
Rajesh T. Gandhi, MD; Jennifer F. Hoy, MBBS; Raphael J. Landovitz, 
MD; Michael J. Mugavero, MD, MHSc; Paul E. Sax, MD; Davey M. Smith, 
MD; Melanie A. Thompson, MD; Susan P. Buchbinder, MD; Carlos del 
Rio, MD; Joseph J. Eron Jr, MD; Gerd Fätkenheuer, MD; Huldrych F. 
Günthard, MD; Jean-Michel Molina, MD; Donna M. Jacobsen, BS; Paul 
A. Volberding, MD

•   All updated recommendations focus on adults 18 years or 
older with or at risk for HIV infection with availability to most 
antiretroviral drugs

•   For physicians providing medical care for individuals with or at 
risk for HIV infection, public health officials, and HIV researchers 

•   Update 2016 recommendations (Günthard et al, JAMA, 2016) 
of ART as the primary means for HIV treatment and prevention

https://www.iasusa.org/wp-content/uploads/guidelines/resistance-testing/resistance-testing-guidelines-2018.pdf
https://www.iasusa.org/wp-content/uploads/guidelines/arv/arv_2018.pdf
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Hepatitis B Virus (HBV) infection is a 
lifelong dynamic disease that changes 
over time. Risk of end-stage liver dis-
ease and cancer increases with ongoing 
inflammation and HBV viremia in adults. 
Fibrosis can be reversible, and treat-
ment can decrease fibrosis progression. 
At present, chronic HBV infection can 
be controlled but not cured. Reactiva-
tion can occur even in patients who 
have lost hepatitis B surface antigen 
(HBsAg).

HBV Serum Markers

In the serum, for every intact HBV 
virion (Dane particle), the sub-particles 
HBsAg are present in vast numbers. 
Thus, HBV DNA can be below limit 
of detection, with HBsAg present in  
circulation. With regard to serologic 
markers in HBV infection, HBsAg indi-
cates acute or chronic infection and 
is the first serologic marker to appear. 
Infection is considered chronic if it per-
sists for greater than 6 months. The 
presence of HBV e-antigen (HBeAg) 
indicates active replication of virus. 
Its absence can indicate absence of  
ongoing replication; absence can also 
indicate mutations in the pre-core 
region of the e-antigen that prevent 
production of e-antigen. Antibody to 

Dr Peters is Professor of Medicine and Chief 
of Hepatology Research at University of 
California San Francisco in San Francisco, 
California.

Hepatitis B virus (HBV) infection is a lifelong dynamic disease that can be con- 
trolled with treatment but cannot yet be cured. Risk of end-stage liver disease 
and hepatocellular carcinoma (HCC) increases with ongoing inflammation and 
HBV viremia. Initial treatments consist of tenofovir or entecavir. Patients who 
require treatment include those with chronic hepatitis, cirrhosis, HCC, or HIV 
coinfection; patients receiving immunosuppressive treatments; and women 
in the third trimester of pregnancy who have elevated HBV DNA level. A num- 
ber of virologic and host immune approaches are being investigated with 
the aim of achieving HBV eradication. This article summarizes an IAS-USA 
webinar given by Marion G. Peters, MD, on June 14, 2018.

Keywords: HBV, hepatitis B, serum markers, chronic hepatitis, HCC, cirrhosis, 
tenofovir, entecavir, immunosuppression, pregnancy, viral eradication

Perspective

Hepatitis B Virus Infection: What Is Current and New

HBV core antigen (anti-HBc) is present 
in infection (IgM in acute infection) and 
with past exposure to HBV. It may be 
found alone when antibody to HBsAg 
(anti-HBs) wanes. Anti-HBs indicates 
recovery or immunity to HBV. It is 
detectable after immunity conferred 
by HBV vaccination, and is occasion-
ally seen in chronic carriers. Anti-HBe 
antibody (anti-HBe) generally indicates 

that virus is no longer replicating. How-
ever, it can be found in patients with 
HBeAg mutations (e-antigen–negative 
patients) who have active disease.1

Management according to serologic 
findings can be summarized as follows. 
Patients who are HBsAg-positive and 
anti-HBc–positive should be referred to 
care for HBV infection. Patients who are 
anti-HBs–positive and anti-HBc–pos-
itive have evidence of past infection;  
in these cases, infection is latent but 
can reactivate in immunocompromised 
patients, with re-emergence of HBsAg. 
Patients who are HBsAg-, anti-HBs–, 
and anti-HBc–negative lack evidence 
of immunity and should be vaccinated. 
Patients who are only anti-HBs–posi-
tive are immune or vaccinated.

Control of HBV

Control of HBV infection includes con-
trol of inflammatory components, 

Table 1. Chronic Infection and Chronic Hepatitis Characteristics in Individuals who 
Are Hepatitis B Virus e-Antigen (HBeAg)-Seropositive (top) and HBeAg-Seronega-
tive (bottom). Adapted from the European Association for the Study of the Liver 
2017 guidelines.2

HBeAg-Seropositive Individuals

Chronic Infection Chronic Hepatitis

HBsAg High High/intermediate

HBeAg Positive Positive

HBV DNA >107 IU/mL 104-107 IU/mL

ALT Normal Elevated

Liver disease None/minimal Moderate/severe

Old terminology Immune tolerant Immune reactive HBeAg-positive

HBeAg-Seronegative Individuals

Chronic Infection Chronic Hepatitis

HBsAg Low Intermediate

HBeAg Negative Negative

HBV DNA <2000 IU/mL >2000 IU/mL

ALT Normal Elevated

Liver disease None Moderate/severe

Old terminology Inactive carrier HBeAg-negative chronic hepatitis

Abbreviations: hepatitis B virus surface antigen indicates HBsAg; hepatitis B virus e-antigen, 
HBeAg; hepatitis B virus, HBV; alanine aminotransferase, ALT 
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indicated by normalization of serum 
alanine aminotransferase (ALT) level 
and normal liver biopsy; virologic con-
trol, indicated by reduction in HBV 
DNA; and immune control, indicated 
by seroconversion from HBeAg-positive 
to anti-HBe–positive and anti-HBs–
positive to HBsAb-positive status. 

The 2017 European Association for 
the Study of the Liver (EASL) guidelines2 
differentiate chronic infection from 
chronic hepatitis, as shown in Table;  
in essence, chronic infection is having 
virus present in serum, and chronic 
hepatitis is present when there is 
evidence of liver damage.2 Among 
HBeAg-seropositive patients, those 
with chronic infection and those with 
chronic hepatitis have elevated HBsAg 
and elevated HBV DNA levels. ALT lev-
els are normal in those with chronic 
infection and elevated in those with 
chronic hepatitis. Among HBeAg-sero-
negative patients, HBsAg level is low 
in those with chronic infection and 
intermediate in those with chronic 
hepatitis, with HBV DNA level being 
low in the former but elevated in the 
latter and ALT level being normal and 
elevated, respectively. In brief, patients 
with chronic infection have normal ALT 
level and no or low-level liver damage, 
whereas those with chronic hepatitis 
have elevated HBV DNA and ALT levels 
and evidence of ongoing necroinflam-
matory disease in the liver. Treatment 
is directed at this latter group. 

Who Should Be Treated

Patients with HBV infection who should  
be treated include those with chronic 
hepatitis (ie, have elevated ALT and 
HBV DNA levels), those with cirrhosis 
(ie, any level ALT, detectable HBV DNA), 
those with hepatocellular carcinoma 
(HCC), those with HIV coinfection,  
those on chemotherapy or biologic  
response modifiers, and women in 
the third trimester of pregnancy if 
HBV DNA is greater than 200,000 IU/ 
mL. Monitoring HBV monoinfection 
includes measuring serum ALT and 
HBV DNA levels every 3 months; if  
levels are normal for 1 year, they can 
then be measured every 6 months.  
It should be noted that older patients 

may have cirrhosis with normal ALT 
levels. If ALT level increases, closer  
monitoring should be resumed and the 
potential need for therapy discussed. 
Treatment should be considered if HBV  
DNA level becomes elevated. Asian 
men aged 40 years or older, Asian 
women aged 50 years or older, sub-
Saharan African people older than 20 
years, and those with family history of 
HCC should be monitored for HCC. 

It should be noted that an elevated 
ALT level can be found in patients with 
HBV infection due to metabolic syn-
drome and non-alcoholic fatty liver 
disease. Patients with HBV infection 
plus obesity or metabolic syndrome 
have a higher risk of cirrhosis than 
those with HBV infection alone. If HBV 
DNA level is low or undetectable in 
these patients, abnormal ALT level may 
be due to non-alcoholic fatty liver dis-
ease. Weight gain or central adiposity 
(rather than body mass index, since  
this may be normal in some patients—
eg, patients of Asian decent) may 
increase suspicion that ALT level is 
increasing in this context; however, 
liver biopsy may be needed to deter-
mine whether the ALT level increase 
is associated with HBV-related dam-
age or steatosis. Statins may also lead 
to increases in ALT level (with some 
data indicating that these drugs may 
reduce risk for HCC). There are no 

contraindications for use of statins in 
individuals with HBV infection or for 
other drugs used in treatment of meta-
bolic syndrome (eg, antihypertensive 
agents or antidiabetic agents, includ-
ing metformin). 

HBV Treatments

Currently approved treatments for HBV 
infection consist of interferon alfa-2b, 
lamivudine, adefovir, entecavir, pegin-
terferon alfa-2a, telbivudine, tenofovir 
disoproxil (TDF), and tenofovir alaf-
enamide (TAF). The only 2 first-line 
agents are entecavir and tenofovir (as 
TDF or TAF). Figure 1A provides data for 
the efficacy of the first-line treatments 
by showing histology and fibrosis im- 
provements with entecavir therapy.3 As  
can be seen, histologic and fibrosis 
improvement were observed in 96% 
and 88% of patients with long-term 
treatment (biopsy at >3 years). Figure 
1B shows data from different studies 
on the efficacy of entecavir and teno-
fovir (compared with peginterferon) 
in reducing HBV DNA to undetectable 
levels over the course of 3 years of 
treatment.4-11

As shown in Figure 2A and B, nei-
ther entecavir nor tenofovir treatment 
results in loss of HBsAg in the vast 
majority of HBeAg-seropositive12-19 or 
HBeAg-negative patients,5,14,17,20-23 with  

Figure 1. A: Histologic and fibrosis improvement with long-term entecavir treatment. 
Adapted from Chang et al.3 B: Proportions of hepatitis B virus (HBV) e-antigen-seronegative 
patients with reduction in HBV DNA to undetectable levels. Trials are not head-to-head 
comparisons and were conducted in different patient populations using different trial 
designs. Adapted from Lok et al, Marcellin et al, Baqai et al, Marcellin et al, Lau et al, Lim 
et al, Chang et al, Marcellin et al.4,5,7-11,21 
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sustained undetectable HBV DNA. A 
recent study showed loss of HBsAg 
in 9% of patients receiving combined 
peginterferon and tenofovir at 3 years 
(although 33% of patients in the study 
had HBV genotype A, which is par-
ticularly responsive to interferon). In 
general, the likelihood of clearance of 
HBsAg with entecavir or tenofovir is 
approximately less than 1% per year  
of treatment. 

There are 3 types of “cure” that can 
be considered in the context of HBV  
infection. Functional cure consists of  
clinical resolution of infection that is  
sustained off drug treatment, with no 
inflammation present, as indicated by 
normal ALT level and negative liver 
biopsy, loss of HBsAg, and potential  
gain of anti-HBs. Complete cure is viro- 
logic cure, consisting of all the ele- 
ments of functional cure plus loss of 
covalently closed circular (ccc) HBV  
 DNA in the liver. A third or interim 
goal of therapy is achieving an inactive 
state, in which there is no inflammation 
(normal ALT level, negative biopsy), 
low or undetectable HBV DNA level, 
and HBsAg-seropositivity. This state is 
what is now our best treatment suc-
cess—a patient still has HBV infection, 
but infection is inactive. 

HBV cccDNA in host hepatocytes 
is the template for transcription and 

production of new virions. Persistence 
of HBV cccDNA can result in reactivation 
of infection in ”recovered” patients who 
have lost HBsAg but still have anti-HBs 
and anti-HBc detectable in serum—eg, 
in immunosuppressed patients such as 
those with HIV infection, those receiv-
ing immunosuppressive therapy, and 
those undergoing hematopoietic stem 
cell transplantation. There is a high 
rate of HBV reactivation in immuno-
suppressed patients, including: during  
chemotherapy, in patients with HIV 
infection after immune reconstitu-
tion, after organ transplantation and 
stem cell transplantation, and with use 
of biologic response modifiers such 
as rituximab (anti-CD20) and tumor 
necrosis factor-α inhibitors. 

Rituximab and stem cell transplanta-
tion are the most potent reactivators of 
HBV.24,25 All patients with HBV infec- 
tion should be tested prior to chemo-
therapy or other immunosuppressive 
treatments for HBsAg, anti-HBs, and 
anti-HBc status. For those who are anti-
HBs–seropositive, antiviral therapy 
should be started before immunosup- 
pressive treatment. For those who are 
anti-HBc–seropositive but HBsAg-sero- 
negative, anti-HBV therapy should be 
administered preemptively for ritux- 
imab or stem cell transplantation;  
preemptive anti-HBV therapy should 

be considered for other forms of che- 
motherapy, with close monitoring for 
HBV DNA in those not given anti-HBV 
therapy.26 All patients receiving anti-
HBc–positive livers receive anti-HBV 
therapy. For other organ transplant, 
consultation with hepatology is rec-
ommended for management and 
follow-up.

HBV and HCC

Increased risk of progression to HCC 
in HBV infection has been associated  
with: male sex; younger age at the  
time of infection; excess alcohol con-
sumption and non-alcoholic fatty liver 
disease; high HBV DNA level; coinfec- 
tion with HIV, HCV, or hepatitis D virus 
(HDV); and infection with HBV geno- 
types C and Aa. Screening for HCC in- 
volves ultrasound performed and alpha 
fetoprotein level determined every 6 
months, with use of computed tomog-
raphy or magnetic resonance imaging 
to identify HCC if a lesion is detected 
during screening.

The few available data on survival 
in patients with HCC with or without 
HIV coinfection suggest poorer out-
comes in those with HIV infection. One 
study, in which patients were followed 
up every 6 months with ultrasound 
and alpha fetoprotein testing, showed 
2-year survival of 44% in those with 
HIV infection and 60% in those without 
(P = 0.2).27 Common to all studies has 
been a younger age at HCC diagnosis 
in patients with HIV infection, with a 
predominance of data also indicating 
more aggressive HCC in those with HIV 
infection. 

HBV and HIV

Coinfection with HIV has been found 
to increase risk of HBV chronicity (ie, 
reduce likelihood of HBsAg clearance 
in unvaccinated patients), increase 
antiretroviral-related hepatotoxicity,  
and increase risk of end-stage liver dis-
ease. Patients with coinfection have 
poorer hospital outcomes and higher 
risk of progression to cirrhosis, HCC, 
and death than patients with either HIV 
or HBV monoinfection.28-30 

Figure 2. Loss of hepatitis B virus (HBV) surface antigen (HBsAg) in (A) HBV e-antigen (HBeAg)- 
seropositive patients and (B) HBeAg-seronegative patients, with sustained undectable HBV 
DNA levels in separate trials with extended tenofovir disoproxil fumarate (TDF) or entecavir 
treatment, or 1 year of peginterferon treatment. Trials are not head-to-head comparisons and 
were conducted in different patient populations using different trial designs. NA indicates not 
applicable. Adapted from Marcellin et al, Gish et al, Marcellin et al, Buster et al, Heathcote et 
al, Marcellin et al, Heathcote et al, Janssen et al, Marcellin et al, Shouval et al, Chang et al, 
Brunetto et al, Lai et al.5,12,14-19,21-23,34,35 
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Flares in patients with HBV/HIV co- 
infection are common. Many HIV med-
ications and many over-the-counter 
medications are hepatotoxic, and other 
causes of ALT elevations in patients 
with HBV/HIV coinfection should be 
sought. Flares may also be associ-
ated with use of antiretroviral therapy 
without anti-HBV therapy and with 
stopping of antiretroviral therapy. Atyp-
ical serologic findings occur in patients 
with HIV coinfection during antiret-
roviral therapy. For example, reverse 
seroconversion may occur, in which 
patients who were anti-HBc–seroposi-
tive only become HBs-seropositive. All 
individuals with HBV/HIV coinfection 
require screening for HCC. 

HBV and Pregnancy

All pregnant women should be tested 
for HBsAg. Infants born to mothers who 
are HBsAg-seropositive should receive 
both hepatitis B immune globulin (HBIG)  
and hepatitis B vaccine within 12 hours 
of birth, with subsequent vaccination at    
 1 then 3 or 6 months. More than 90% of  
children will then be immune to HBV 
infection. Vaccine failure has been as- 
sociated with inadequate therapy (not 
receiving HBIG, not receiving follow-
up vaccination) and high HBV DNA 
(>200,000 IU/mL) in the mother. 

A study of HBV immunoprophylaxis 
in 1242 pregnant women with HBV 
infection showed an overall failure rate 
of 4.9%, with failure rate increasing 
with increasing maternal HBV DNA 
level.31 No cases of mother-to-child 
transmission occurred for 174 moth-
ers with HBV DNA levels of less than 6 
million log10 copies/mL (approximately 
200,000 IU/mL); transmission rates 
were 3.0% among 298 with levels of  
6.0 to 6.9; 5.5% among 531 with lev-
els of 7.0 to 7.9; and 9.6% among 531  
with levels of 8.0 million log10 copies/
mL or higher.

Current recommendations are to  
assess HBV DNA level in all pregnant  
women at 26 to 28 weeks of pregnancy  
to determine need for treatment in the  
mother. It should be noted that many 
pregnant women with chronic HBV gen- 
otye B infection are immune-tolerant  
(high HBV-DNA level with normal ALT 

level) because they are young women. 
Treatment consists of tenofovir-based 
therapy during the third trimester. En- 
tecavir is not recommended due to the  
finding of toxicity in animal studies. 
Lamivudine and telbivudine are not 
generally recommended because of  
the risk of emergence of resistance  
mutations. Women with levels below  
20,000 IU/mL do not require treat-
ment. Treatment should be considered 
in those with levels above 20,000 IU/
mL but less than 200,000 IU/mL if the 
mother has active disease (ie, per usual 
treatment indications). Mothers with 
levels above 200,000 IU/mL should 
receive treatment up to delivery (or 
up to 1 month post-partum).32,33 All 
of the anti-HBV drugs are excreted in  
breast milk at low levels, but breast-
feeding is not contraindicated in any 
current guidelines; prescribing informa- 
tion for the drugs do contain a warn- 
ing about breastfeeding. 

Conclusions

Individuals with HBV infection should 
receive anti-HBV treatment if they have  
elevated ALT level and elevated HBV 
DNA level. Treatment should also be 
given to patients who have cirrhosis 
and detectable HBV DNA, those who 
are going to receive chemotherapy or 
immunosuppressive therapy, and those 
with HIV infection. Comorbidities occur 
in patients with HBV infection, and 
patients need to be evaluated for HIV, 
HCV, HDV, and hepatitis A virus infec-
tion, and metabolic syndrome. Patients 
with HBV infection should report to 
their primary care practitioner any 
new diagnoses or planned therapies so 
that considerations for anti-HBV ther-
apy can be made; this is particularly 
important if the patient is to receive 
high-dose steroids, chemotherapy, or 
rituximab, or if the patient is pregnant 
or wishes to become pregnant. Patients 
should undergo screening for HCC with 
imaging and alpha fetoprotein testing 
every 6 months. Candidates for screen-
ing include all Asian men aged over 
40 years, Asian women aged over 50 
years, sub-Saharan African people 
older than 20 years of age, all patients 
with HIV infection, all patients with 

cirrhosis, and patients with a first-
degree relative with HCC. 

A number of approaches are being 
investigated with the aim of achieving 
eradication of HBV. Virologic approaches 
include entry inhibitors, agents that  
block cccDNA, transcription inhibitors,  
RNA interference, HBV capsid inhibitors, 
polymerase inhibitors, and secretion 
inhibitors. Host immune approaches in- 
clude interferons, toll-like receptor in- 
hibitors, immune checkpoint inhibitors  
(such as the programmed cell death 1 
[PD-1] and programmed death ligand  
1 [PD-L1] inhibitors used in cancer 
therapy), interleukin-7, therapeutic vac-
cines (eg, immune complex vaccines, 
nasal HBV vaccines, DNA vaccines, T cell 
vaccines, adenovirus-based vaccines), 
and yeast-based vaccines. Several of  
these agents are being tested in hu- 
mans, with many more in the pipe- 
line. It is clear that combination ap- 
proaches will be needed to achieve 
eradication and much work remains 
to be done to identify promising strate-
gies. However, there is good likelihood 
of exciting data in this regard in the not 
too distant future.  

Presented by Marion G. Peters, MD, in June 
2018. First draft prepared from transcripts by 
Matthew Stenger. Reviewed and edited by Dr 
Peters in January 2019.
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Consider the case of a patient during 
the recent outbreak of hepatitis A virus 
(HAV) infections in San Diego County. 
He was a 63-year-old man with a his-
tory of hepatitis C virus (HCV) infection 
and alcoholic liver disease who pre-
sented with a left hip fracture suffered 
during a fall while intoxicated. He sub-
sequently underwent surgical repair of 
the fracture. Labs drawn on admission 
showed a total bilirubin of 0.32 mg/
dL, aspartate aminotransferase (AST) 
of 178 U/L, alanine aminotransferase 
(ALT) of 69 U/L, and alkaline phospha-
tase of 90 U/L; results were similar to 
those a month earlier when the patient 
presented to the emergency depart-
ment (ED) for an unrelated issue.

His hospital stay was prolonged 
because he was homeless. One week 
after surgery, he developed fever and 
diarrhea and was started on vanco-
mycin and piperacillin/tazobactam for 
possible hospital-acquired pneumo-
nia, despite the absence of respiratory 
symptoms and a clear chest x-ray. The 
patient also lacked signs or symptoms 
of alcohol withdrawal to explain the 
fever. The fever persisted for a week. 
Cultures were negative, but repeat 
liver function tests (LFTs) showed a 
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Perspective

Forgotten but Not Gone: Learning From the Hepatitis A 
Outbreak and Public Health Response in San Diego 

total bilirubin of 3.1 mg/dL, AST above 
1,000 U/L, ALT of 792 U/L, and alkaline 
phosphatase of 276 U/L. Since the HAV 
outbreak was at its peak, house officers 
ordered a HAV IgM test, which came 
back positive, confirming a diagnosis 
of acute HAV infection. The patient was 
placed into contact isolation.

Further past medical history revealed 
that the patient had been diagnosed 
with HCV infection in 2011, with risk 
factors that included prior cocaine use 
and a history of blood transfusions. 
He suffered from severe alcoholism, 
having 20 to 40 drinks per week for  
most of his life. He had numerous  
prior ED visits for falls, fractures, and 
intoxication. No formal staging of his 
liver disease had been performed, but  
he had no known history of cirrhosis 
or symptoms consistent with decom-
pensated liver disease. He had a 40- 
year history of tobacco use, 1 pack per  
day. He had been homeless for 5 years,  
living primarily in shelters and eating  
in soup kitchens; however, he had no  
known recent sick contacts and re- 
ported no recent history of eating raw 
or undercooked foods.

A week after diagnosis of HAV infec-
tion, the patient’s LFTs trended back 
toward normal. However, 2 weeks 
later, daily fevers returned, along with 
increased abdominal pain, nausea, 
increases in LFTs to higher levels than 

previously found, and an increase in 
international normalized ratio (INR). 
Additional laboratory work showed 
that the patient had a high HAV RNA 
level during this relapsing phase of the 
illness. HAV IgG remained negative. Of 
note, the patient had been found to be 
IgG negative a year earlier, and despite 
documentation of lack of immunity to 
HAV, had not received HAV vaccination.

Liver ultrasound showed hepatomeg- 
aly with diffuse fatty liver and possible 
nodularity, trace ascites, normal spleen, 
normal common bile duct, and nor-
mal portal vein. Liver biopsy showed 
severely active hepatitis, a fibrosis 
stage of 1 out of 6, portal inflam-
mation primarily with lymphocytes 
and macrophages, bile duct injury, no 
steatosis, and spotty necrosis. The 
patient became increasingly encepha-
lopathic and developed progressive 
liver failure; he became comatose, was 
transitioned to comfort care, and died 
approximately a month and a half after 
admission to the hospital.

This patient’s case highlights 3 im- 
portant points. First, he died from a 
completely preventable condition and  
his story speaks to the need for im- 
proved public health measures such as 
vaccination among our most vuluner-
able populations. Second, he had a rare 
complication of acute HAV infection 
in the form of a relapsing course. And 
finally, he had many of the risk factors 
for both acquiring HAV and having a 
poor outcome from the infection that 
were consistently observed during the 
outbreak in San Diego.

Characteristics of HAV Infection

HAV transmission occurs primarily per-
son-to-person by the fecal-oral route. 
Stool is infectious 2 to 3 weeks before 
and 1 week after the onset of symp-
toms. The peak of infectivity precedes 
the onset of symptoms. Routes of 
transmission include food (eg, cooking 
temperature is not high enough, food is 
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prepared by someone who is shedding 
virus), blood transfusion, illicit drug use,  
and sex via oral-anal or digital-anal con- 
tact. Humans are the primary natural 
host with genotypes 1, 2, and 3 caus- 
ing the majority of infections. Although 
not tested routinely in clinical practice, 
genotype 1 is the most common in the 
United States. Genotypes 1b and 3a 
have been associated with fulminant 
hepatitis during prior outbreaks in the 
United States and Korea, respectively. 

Figure 1 shows the incidence of HAV 
infection in the United States reported 
by the Centers of Disease Control and 
Prevention (CDC) between 1980 and 
2012. The decline starting in 1996 
marks the development and imple-
mentation of an effective anti-HAV 
vaccine. Universal vaccination of chil-
dren began in 2006. According to CDC 
data, approximate numbers of cases 
and death rates in recent years have 
been fairly stable: 2700 and 2.5% in 
2011, 3000 and 2.2% in 2012, 3500 
and 2.3% in 2013, and 2500 and 3.0% 
in 2014.

The asymptomatic incubation period 
of HAV infection is approximately 1  
month (range, 15-50 days). Symptoms  
include fever, fatigue, nausea, anorexia, 
abdominal pain, jaundice (in up to 
70% of cases), vomiting, diarrhea, dark 
urine, and light-colored stools. Dura- 
tion of symptoms is generally less than 
2 months, with 10% to 15% of cases 
having a prolonged or relapsing course. 
Approximately 20% to 40% of patients 
require hospitalization. Figure 2 shows 
the clinical, virologic, and serologic 
events that occur during the course of 

 infection. After the incubation period, 
viremia occurs followed by shedding 
of virus in the feces. With the devel-
opment of symptoms, increases in 
transaminases are observed. Next, the 
host immune response begins, with 
increases in IgM and a subsequent 
switch to IgG antibody. Anti-HAV IgG 
antibody is thought to provide lifelong 
protection against future infection.

Uncommon complications associated 
with HAV infection include relapsing 
hepatitis, as was experienced by the 
patient described, cholestatic hepatitis, 
autoimmune hepatitis, and acute liver 
failure. Relapsing hepatitis occurs in 
approximately 10% of patients (range, 
3%-20%) however the underlying eti-
ology and associated risk factors are 
unclear. The clinical course is that of 
improvement in symptoms after initial 
presentation, followed by an increase 
in LFTs (with or without symptoms). 
Relapse is typically milder than the 
initial presentation. HAV RNA 
levels are markedly elevated, 
similar to levels during initial 
infection. Relapse occurs 1 to 
12 weeks after the initial pre-
sentation and can persist for 3 
weeks to 12 months, with no 
well-defined sequelae.

Cholestatic hepatitis occurs  
in approximately 5% of pa- 
tients and is marked by pro- 
longed (>3 months) elevation  
of bilirubin and alkaline phos- 
phatase levels. The clinical 
course is marked by prolong- 
ed jaundice, pruritus, fever, 
weight loss, and diarrhea. It  

typically resolves spontaneously and is  
treated with supportive care. Cholestyr-
amine can be given for pruritus.

Acute liver failure is a rare but dev-
astating complication  characterized by  
elevated LFTs (especially bilirubin), co- 
agulopathy, and hepatic encephalopa-
thy in a patient with previously stable 
liver function. It is estimated that less 
than 0.1% of HAV cases result in acute 
liver failure. Risk factors include older 
age (>50 years), coinfection with hep- 
atitis B virus (HBV) or HCV, and under-
lying liver disease.

Treatment and Prevention

Treatment for HAV infection is support-
ive care, including hydration, nutrition, 
and avoidance of hepatotoxins. The 
vast majority of affected individuals 
completely recover by 6 months fol-
lowing initial infection, usually much 
sooner.

Vaccination is a highly effective 
mode of prevention, with 2 inactivated 
whole-virus vaccines given in 2 doses 
6 months apart. A combined HAV and  
HBV vaccine is also available. Approx- 
imately 95% of adults exhibit serocon- 
version to IgG antibody after the first  
dose of the 2-dose vaccine, with approx- 
imately 100% seroconverting after the 
second dose. Seroconversion rates are 
lower in patients with underlying liver 
disease and in those with advanced im- 
munosuppression. For example, among  
people with HIV infection, seroconver-
sion rates are reported to range from 
50% to 90%. Risk factors associated 
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with lack of seroconversion include low 
CD4+ cell count, high HIV RNA level, 
HCV coinfection, and tobacco use. For  
immunocompetent hosts, modeling  
studies indicate that greater than 90% 
of persons maintain protective anti- 
bodies 40 years after vaccination. Dura- 
bility of immunity in immunocompro-
mised host thought to be lower but is 
less well characterized.

The current indications for vaccina- 
tion include all children at 1 year of age, 
travel to endemic countries, chronic 
liver disease (eg, HBV or HCV infection, 
cirrhosis), clotting factor disorders, men  
who have sex with men (MSM), illicit 
substance users, and persons work-
ing with non-human primates. Other 
groups, often considered for vaccina-˜ 
tion indications, but in whom vaccina-
tion currently is not required outside 
of the setting of outbreaks, include 
those at higher risk of acquiring and 

transmitting HAV during outbreaks—
eg, healthcare workers, food service 
workers, and people who work with 
children, such as in daycare settings. 
Pre-vaccination serologic testing is 
not recommended in persons with 
an indication for vaccination. Post-
vaccination testing for response is not 
indicated in immunocompetent hosts; 
its role in imunocompromised persons 
is unclear. 

Postexposure prophylaxis, consis- 
ting of the HAV vaccine series and im- 
mune globulin in most cases, should 
be given to non-immune individuals as 
soon as possible and within 2 weeks 
after exposure to a confirmed case of  
HAV infection. The recommended dose  
of immune globulin is now 5 times 
higher than that previously recom- 
mended, because more recent prepa- 
rations were found to have lower con- 
centrations of HAV antibodies, likely  

reflecting the lower prevalence of HAV 
in plasma donors in recent years.

San Diego Outbreak

Figure 3A shows the number of cases 
of HAV infection in San Diego between 
1994 and 2018, highlighting the 2017 
outbreak; Figure 3B shows the onset of  
outbreak cases by week. There were 
590 confirmed outbreak cases between 
November 22, 2016, and June 21, 2018,  
all involving HAV genotype 1b. Among 
the cases, 402 (68%) were boys or men,  
with 14 being MSM. Among all patients, 
405 (69%) were hospitalized and 20 
(3.4%) died. This mortality rate was sub- 
stantially higher than in prior years as 
outlined above. The median age of the 
cases was 43 years (most age 40 to 60 
years; range, 5-87 years). Risk factors 
for infection included homelessness 
and illicit drug use in 194 cases (34%),  

Figure 3. A: Hepatitis A virus infection cases in San Diego, California, 1994 to 2018. B: Number of cases per week in 2017 outbreak. Courtesy 
of the County of San Diego, Health and Human Services Agency, Public Health Services, Epidemiology & Immunization Services.  
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homelessness alone in 91 (15%), and 
illicit drug use alone in 77 (13%), with 
167 (28%) being associated with neither 
of these risk factors. The risk factors in 
56 (10%) were unknown. Geograph-
ically, the outbreak was centered in 
areas with high rates of homelessness. 
Approximately 17% of patients had  
HCV coinfection and approximately 
5% had HBV coinfection. In prior years, 
most cases of HAV infection in San 
Diego were associated with interna-
tional travel.

The outbreak spread beyond San 
Diego, with cases genetically and epi-
demiologically linked to the San Diego 
strain including 76 in Santa Cruz, 12 in 
Los Angeles, 12 in Monterey, and 17 in 
other areas in California. Linked cases 
were also identified in Arizona, Colo-
rado, Kentucky, Indiana, Rhode Island, 
West Virginia, and Utah.

The outbreak in San Diego and an 
ongoing outbreak in Michigan under-
score a change in the nature of HAV 
outbreaks from mostly food-borne to 
centered on homelessness, sanitation, 
and illicit drug use. For example, one of 
the largest post-vaccine era outbreaks 
occurred in 2003 in association with 
green onions at a restaurant chain in 
Pennsylvania and Ohio; a total of 660 
cases were identified, with 3 deaths. 
A more-recent food-borne outbreak in 
2016 in Hawaii, associated with raw  
scallops from a sushi restaurant, in- 
volved 292 cases, 74 hospitalizations,  
and no deaths.

In contrast, the southeast Michigan 
outbreak, ongoing since 2016, shares  
features with the San Diego outbreak, 

including male predominance, high 
morbidity and mortality, association 
with illicit substance use and homeless-
ness, and cases with HCV coinfection. 
Thus far, there have been 850 cases, 
with a median age of 40 years and 65% 
being male individuals. Hospitalization  
has been required in 80% of cases and 
3.2% have died. More than 50% of  
cases were associated with illicit sub- 
stance use and 13% with homeless-
ness; 27% of cases had coinfection 
with HCV. Understanding the changing 
epimediology of hepatitis A transmis-
sion and outbreaks will be important 
with regard to prevention efforts going 
forward.

San Diego Public Health 
Response

In response to identification of the HAV 
outbreak, a local health emergency was 
declared on September 1, 2017. This 
was followed by a declaration of a state 
of emergency by the governor of Cali-
fornia on October 13, 2017. A public 
health strategy of vaccination, sanita-
tion, and education was instituted by 
the local health department.

The vaccination effort included 
administration of more than 160,000 
vaccinations, with 85% administered 
to high-risk individuals. More than  
30,000 vaccinations were given in the 
field through mass vaccination events, 
mobile foot teams, and mobile vans. 
The public health department part-
nered with local health systems (eg, 
University of California San Diego, 
Scripps, Sharp, Kaiser, Family Health 
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Figure 4. Effect of vaccination campaign in controlling San Diego hepatitis A virus outbreak. 
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Centers), implemented outreach to 
those at highest risk (eg, homeless 
persons and others who lacked health 
insurance or regular contact with the 
health system), and implemented a  
program for vaccination in EDs. The 
routine indications for vaccination 
were expanded to include: all food 
service workers; healthcare work-
ers, sanitation workers, and public 
safety workers who work with at-risk 
populations; homeless service provid-
ers and volunteers; and any person 
who desired immunity.

The public health strategy was 
devoted to the effort of going to the 
streets to meet vulnerable persons 
and individuals at higher risk to pro-
vide education about the outbreak and 
to offer and provide vaccination. As 
noted, the initiatives included holding 
staffed vaccination events at homeless 
shelters. Mobile vans traveled from  
place to place, focusing on downtown  
San Diego and El Cajon, where most of  
the cases were occurring, with person- 
nel providing education and vaccina-
tions to people who were willing to 
receive them. Mobile foot teams would 
go from tent to tent and person to per-
son on the street in areas with high 
concentrations of homeless individu-
als, again providing education about 
the outbreak and offering and provid-
ing vaccination. Figure 4 shows the 
outcome of these efforts, with the num-
ber of new infections dropping once 
the vaccination effort reached its peak.

The sanitation campaign included 
the establishment of handwashing sta-
tions (not employing alcohol-based 
sanitizers, which are not effective), 
portable toilets and increased access 
to public restrooms, and hygiene kits, 
particularly in the downtown areas. 
Food inspections were also conducted, 
particularly during the early part of 
the outbreak when food-borne trans-
mission was more highly suspected. 
As part of the sanitation campaign, 
the city employed power spraying of 
sidewalks to remove fecal matter that 
accumulated in the setting of home- 
lessness and inadequate access to bath- 
room facilities. The city also built 3 
large industrial tents that could house 
700 people as a temporary housing 
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option for people living on the street, 
an initiative that cost $6.5 million. 
The tents were staffed with 24-hour 
security, contained bathrooms and 
showers, and were staffed by person- 
nel to provide services during the day 
that included mental health and sub-
stance abuse services, job training and 
case management, and bridging to per-
manent housing.

As part of the education campaign, 
the department of public health pro-
vided community presentations and 
community outreach and staffed a 24- 
hour hotline to dispense information 
about vaccination events. Broad media 
coverage of the outbreak was provided 
to augment public awareness. Local  
and state political will to battle the out-
break was mobilized and played a large 
part in securing the resources needed 
for the public health efforts to succeed.

Summary

The vaccination, education, and sani-
tation campaigns in the San Diego 
outbreak were very robust. The strat- 
egies employed were innovative and 
highly individualized in an attempt to 
ensure vaccination of those at highest 
risk. The question remains, however: is 
this enough?

Homelessness and its association  
with poor sanitation constituted a root  
cause of the outbreak. Homelessness  
was also associated with many chal-
lenges in trying to stop the outbreak 
that differ markedly from those en- 
countered in food-borne outbreaks. Al- 
though measures to address homeless- 
ness were employed in combating  
the outbreak (eg, the temporary hous-
ing with industrial tents), it is clear 
that much more needs to be done in 
addressing the homelessness crisis in  
San Diego and in many areas through-
out the United States. Homelessness 
and associated poor sanitation threaten 
to make outbreaks of HAV and other 
infectious illnesses more common in  
the future. Attention to this threat and 
the political will to address the crisis 
need to be heightened if we are to  
make any substantial progress in pre-
venting such outbreaks.

In summary, the San Diego HAV out-
break is one of the largest outbreaks 
reported in the United States to date. 
It was associated with a high degree of 
morbidity and mortality. Homelessness 
and substance use were important risk 
factors identified early on and guided 
the public health response. Vaccination 
was the most important strategy to 
stop the outbreak. There is a continuing 

need to address the problem of home-
lessness and other social determinants 
of health. 

Presented by Darcy A. Wooten, MD, in July 
2018. First draft prepared from transcripts 
by Matthew Stenger. Reviewed and edited by 
Dr Wooten in November 2018..
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