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In the current era of potent antiretroviral therapy, 
preventive medicine has become an increasingly 
important aspect of primary care for those infected 
with HIV. Hepatitis vaccines provide an excellent 
opportunity to avert infections and liver toxicity, which 
may be more severe in immunocompromised 
persons. Unfortunately, HIV-infected persons 
respond poorly to hepatitis vaccines. Questions 
remain regarding the appropriate strategy to improve 
immunogenicity. The study of vaccine responses in 
HIV-infected persons has greatly advanced the 
understanding of the underlying immune deficits, 
particularly with regard to reduced CD4 cell number 
and function and the level of immune activation 
associated with chronic HIV viremia. This research 
has also solidified safety and utility data for vaccines 
in this population. Continued research of vaccine 
responses will further our understanding of the 
immune system and optimize the efficacy of routine 
immunizations. Ongoing medical education and 
vaccination campaigns can serve to improve 
vaccination rates among this at-risk population. 

Introduction 
An important preventive measure in the care of persons living 
with HIV is the timely administration of vaccines against 

pathogens for which these individuals are at risk. In clinical 
practice, HIV-infected persons are generally given hepatitis B 
and pneumococcal vaccinations shortly after their initial visit 
and influenza vaccinations annually. Hepatitis A vaccination is 
routinely recommended for all nonimmune hepatitis C virus 
(HCV)-coinfected patients, because of their increased risk of 
fulminant hepatitis A, and for persons in high-risk groups, 
although some clinicians routinely vaccinate all HIV-infected 
persons regardless of HCV status [1a,1b]. For the asymptomatic 
patient with a CD4 cell count greater than 350 cells/mm3, these 
vaccinations are administered before antiretroviral therapy 
(ART) initiation, with ongoing HIV viremia. Questions remain 
about the appropriate timing of vaccine administration with 
regard to current CD4 count, nadir CD4 count, level of HIV 
viremia, and administration of potent ART. If clinicians wait 
until the plasma HIV RNA levels are undetectable or for CD4 
counts to increase for persons presenting late to care, many 
patients may be at risk for infection with these preventable 
pathogens. The issue is complicated by the fact that HIV-
infected persons respond poorly to vaccinations, with 
seroprotection rates ranging from 18% to 56% for hepatitis B 
and 52% to 94% for hepatitis A vaccine compared with greater 
than 95% in HIV-seronegative adults. This article reviews 
recent literature regarding hepatitis vaccine responses, the role 
of immune reconstitution and HIV virologic suppression on 
these responses, and the use of hepatitis vaccines by 
practitioners. 

Background 
The underlying cause of the poor response to hepatitis 
vaccination in HIV-infected individuals remains intriguing. A 
successful vaccination requires the induction of long-lasting 
immunity [1]. Host and vaccine factors both are involved in this 
process of creating specific memory T and B cells. Vaccine 
factors include the dose of antigen, the persistence of that 
antigen, antigen structure, and tissue distribution of the antigen 
[2]. Host factors include activation of antigen-presenting cells 
(APCs), an adequate lymphocyte population to form specific 



memory cells, the presence of appropriate cytokines, 
persistence of memory cells, and certain underlying genetic 
components, such as specific HLA haplotypes [3]. 

The depletion of T cells in HIV-infected persons yields 
impaired cellular immune function and T-cell–dependent 
processes such as vaccination against hepatitis A and B. HIV 
also induces dysregulation of B lymphocytes, with the 
development of elevated titers of nonfunctional 
immunoglobulins [4]. Furthermore, HIV-infected persons have 
poor APC function. Other immunosuppressed individuals with 
impaired cellular immunity also have reduced response to 
hepatitis B vaccination, including hemodialysis patients (40%–
67% response), patients with cirrhosis (43% response), and 
stem cell transplant recipients (46% response) [5]. Clearly, 
there are significant implications to improving vaccine 
responses in all these immunocompromised populations. 

The large proportion of patients who are coinfected with 
HCV further complicates the issue of hepatitis vaccinations. 
HCV-infected persons also respond poorly to hepatitis vaccines. 
Keeffe et al. [6] found that only 73% of HCV-infected persons 
responded to the first dose of hepatitis A virus (HAV) vaccine 
and antibody titers were significantly lower than those in 
healthy controls. Another study reported a 51% hepatitis B 
virus (HBV) vaccine seroconversion rate in HCV-infected 
subjects, which was significantly lower in both proportion and 
titers than the rate in seronegative individuals [7]. This is 
particularly relevant to consider for HIV/HCV-coinfected 
patients, for whom prevention of additional hepatitis viruses is 
important. Although we do not fully understand the mechanism 
behind the responses in coinfected persons, the AIDS Clinical 
Trial Unit has ongoing studies to evaluate the specific 
impairment associated with HIV/HCV coinfection. 

Hepatitis A Vaccination 
Although the clinical course of HAV infection is similar in 
HIV-infected and seronegative persons, acute HAV may lead to 
temporary discontinuation of ART, with rebound HIV viremia 
and possible development of antiretroviral drug resistance. 
Although the most recent Advisory Committee on 
Immunization Practices (ACIP) adult immunization schedule 
recommends HAV vaccination for persons with chronic liver 
disease, those requiring clotting factors, certain occupational 
risk groups, travelers to endemic areas, and persons with 
specific behavioral risk factors (eg, men who have sex with men 
[MSM] and injection drug users), it does not specifically 
recommend vaccination for all persons with HIV infection. 
Nevertheless, many providers offer HAV vaccination to their 
HAV-seronegative patients regardless of risk factors because of 
the possible complications of acute HAV and given the 
prevalence of HAV seropositivity in HIV-infected populations 
(> 20%) [8,9]. Two recent articles specifically evaluated the 
poor response rates in adult HIV-infected populations in the 
current highly active ART (HAART) era, and a third attempted 
to evaluate the role of immune reconstitution for HAV vaccine 
response. 

In the first study, 334 HIV-infected patients who were 
seronegative for HAV antibody received HAV vaccination [9]. 
Of those vaccinated, 133 subjects (50%) developed protective 
antibody after vaccination. Two thirds of the cohort was 
receiving HAART at the time of vaccination. Although there 
was no difference among different CD4 cell count strata, 
responders had significantly lower HIV viral loads than 
nonresponders. By multivariate analysis, both low HIV viral 
load at time of vaccination and male gender were associated 
with a protective vaccine response. The second study evaluated 
HAV vaccine responses in 214 HIV-infected subjects with a 
seroconversion rate of 61% [10]. By univariate analysis, 
vaccine response correlated with the level of HIV viremia and 
current and nadir CD4 cell counts. By multivariate analysis, 
only higher current CD4 was associated with a response to 
vaccine. 

Taken together, these studies confirm that response to 
HAV vaccine is less than optimal in HIV-infected persons and 
that immune status mediates the response, whether because of 
absolute number of CD4 cells or the level of HIV viremia. It is 
difficult to separate these interrelated factors. Clearly, the 
patient’s immune status should be considered when vaccinating 
against HAV. The third recently published study, from the 
Pediatric AIDS Clinical Trials Group, attempted to address this 
very question [11•]. This study included 152 HAV-seronegative 
HIV-infected youth with a median age of 9.2 years (range, 2–21 
years) who were on stable HAART with a baseline median CD4 
count of 830 cells/mm3 (median, 32%). After two vaccine 
doses, 97% of the subjects seroconverted, although only 53% 
were considered to have developed a high antibody titer (> 250 
mIU/mL). A significantly higher proportion of subjects with 
high antibody response also had undetectable HIV viral loads. 
Of note, although seroconversion rates approached those of 
uninfected youth, the titers were lower in the HIV-infected 
subjects by a magnitude of approximately two. Because of this 
lower peak antibody production, titers waned to below the level 
of protection in 10% of HIV-infected children by 12 months 
after vaccination. Overall, this study confirms that control of 
viremia improves humoral responses to HAV vaccine. Whether 
the direct mechanism is mediated through absolute CD4 cell 
count, improved B-cell function, or reduction in viral loads 
remains to be fully elucidated. However, these studies suggest 
that in persons with low CD4 cell counts, HAV vaccination 
should be deferred until immune reconstitution has occurred 
with CD4 cell count increases to more than 200 cells/mm3. 

Hepatitis B 
Approximately 350 million people worldwide and 1 million 
people in the United States are chronically infected with HBV 
[12]. Worldwide, this virus is the leading cause of chronic liver 
disease, including hepatitis, cirrhosis, and hepatocellular 
carcinoma. HBV accounts for 1 million to 2 million deaths 
annually [13]. HIV and HBV share routes of transmission, with 
30% to 90% of HIV-positive patients having evidence of prior 
HBV infection and 10% with chronic infection [14]. Before the 



introduction of HAART, the impact of HBV and liver disease 
was less prominent because of the natural history of HIV and 
the rapid progression to AIDS. However, with HAART, liver 
disease has become a leading cause of mortality [15]. 

HIV modulates the disease caused by HBV. The incidence 
of acute hepatitis is lower in coinfected patients, but chronic 
infection occurs more often in this population [16]. The latter 
point has been shown with decreased clearance of hepatitis B e 
antigen in HIV-infected patients when compared with that of 
HIV-negative patients (12% vs 49% clearance at 5 years) [17]. 
Furthermore, in prospective studies of MSM, coinfection with 
HIV and HBV was associated with a 15-fold increase in 
mortality when compared with HBV alone [18]. Additional data 
suggest that HBV accelerates the course of HIV infection; 
however, this finding has not been proven in larger 
epidemiologic studies [19,20]. 

Three recently published international studies confirm that 
HIV-infected persons do not respond optimally to HBV 
vaccination. Ungulkraiwit et al. [21] enrolled 65 HIV-infected 
subjects in a series of three injections with a double dose of 
HBV vaccine. Mean CD4 cell count at time of vaccination was 
354 cells/mm3; 88% of the cohort was receiving HAART, with 
75% having an undetectable HIV viral load at time of 
vaccination. Unfortunately, only 46% of the vaccinees 
responded. Response rates correlated with younger age and 
higher CD4 counts. There was also a trend toward lower viral 
loads in responders. The second study evaluated responses in 55 
subjects observed at a single site in Brazil using the higher dose 
of HBV vaccine [22]. Overall, 59% of the subjects responded, 
and response correlated with higher CD4 cell counts and lower 
HIV viral loads. The third study compared standard (10 µg) 
versus high (40 µg) doses of HBV vaccine in 79 HIV-infected 
individuals observed at a single site in Mexico [23]. Overall, 
61% of the subjects responded, although there was no 
difference between the two arms. Mean CD4 counts were 225 
and 245 cells/mm3, respectively, and only 19% had 
undetectable HIV viral loads at time of vaccination. 

Given that these studies confirm that our current 
approaches yield poor responses, researchers have looked for 
alternative strategies. A small study from Canada evaluated the 
use of four intradermal injections in 12 HIV-infected subjects 
who failed to respond to six doses of standard intramuscular 
vaccine [24]. By improving antigen presentation mediated 
through the Langerhans cells in the dermis, this strategy has 
yielded protection in nonresponding health care workers and 
dialysis patients. Unfortunately, only 6 of the 12 HIV-infected 
subjects responded, with one individual maintaining protective 
immunity at 12 months. Therefore, the intradermal route of 
administration does not appear to be an effective strategy. 

A second alternative strategy that has been pursued to 
improve antibody responses is the use of adjuvants. The 
formulations of hepatitis vaccines that are currently approved 
by the Food and Drug Administration (FDA) are precipitated 
with alum (potassium aluminum sulfate) to form bulk vaccine 
adjuvanted with amorphous aluminum hydroxyphosphate 
sulfate or adsorbed onto the alum. These aluminum salts are 

currently the only adjuvants included in vaccines licensed by 
the FDA [25]. It is believed that the effective adjuvanticity of 
alum is a function of the degree of adsorption of antigen on the 
adjuvant, and this in turn is the basis of the depot theory. The 
aluminum adjuvants allow the slow release of antigen at the site 
of vaccine injection, prolonging the interaction between antigen 
and APCs and lymphocytes. Unfortunately, as noted above, 
HIV-infected persons do not respond adequately to the 
currently available alum-adsorbed vaccines. Therefore, other 
adjuvants are being evaluated. 

One adjuvant that has shown promise in HIV-infected 
patients is CpG adjuvant, an oligodeoxynucleotide-containing 
immunostimulatory motif that directly activates B cells and 
plasmacytoid dendritic cells via toll-like receptors. Cooper et al. 
[26] recently presented data from a randomized controlled trial 
of 36 HIV-infected subjects receiving 40 µg of HBV vaccine 
with or without this adjuvant. Response was significantly 
greater in those receiving the novel adjuvant (94% vs 55%) at 
36 months after vaccination. These data were particularly 
intriguing given that the rate of response was similar to that in 
historical controls. Confirmatory results are expected from 
larger studies. 

Other possible adjuvants have been evaluated. Two recent 
meta-analyses have compiled data regarding the role of 
granulocyte-macrophage colony-stimulating factor (GM-CSF) 
on immune responses to HBV vaccine. The first meta-analysis 
identified 187 patients with end-stage renal disease from seven 
different prospective trials. The odds ratio of having a 
protective response rate was 4.63 (95% CI, 1.42–15.14) for 
those receiving adjuvant GM-CSF [27]. Cruciani et al. [28•] 
identified 734 subjects from 13 studies and also reported a 
benefit for GM-CSF, particularly in generating protection after 
the first dose of HBV vaccine. 

This strategy has also been evaluated in HIV-infected 
subjects. Sasaki et al. [29] evaluated the efficacy of a single 20-
µg dose of GM-CSF to augment response to double-dose HBV 
vaccine in 80 HIV-infected persons with CD4 cell counts 
greater than 350 cells/mm3, 90% of whom were on HAART. A 
significant increase in the development of hepatitis B surface 
antibody (HBsAb) was noted in the GM-CSF group (62%) 
versus the placebo group (30%) after the second vaccine dose 
(P < 0.0074). One month after vaccination, 72% of the patients 
in the GM-CSF group and 60% in the placebo group developed 
protective titers that were significantly higher in the GM-CSF 
group (645 vs 375 IU/L; P < 0.01). These results suggest 
promise for the role of cytokines in augmenting immune 
response to vaccination in HIV-infected persons. The AIDS 
Clinical Trials Group has an ongoing study to evaluate the use 
of higher-dose GM-CSF. Data are expected by late 2008. 

Issues with isolated hepatitis B core positivity 
Screening for hepatitis serologies has become the standard of 
care for HIV care providers. As noted earlier, evidence of active 
or past coinfection with HBV is very common in HIV-infected 
patients. The pattern of hepatitis B surface antigen negative–
hepatitis B core antibody (HBcAb) positive is commonly seen 



in HIV-infected individuals. The question arises as to whether 
this reflects cleared infection in the distant past, occult HBV 
infection, or a false-positive HBcAb assay. For a patient who is 
currently receiving HAART with HBV activity, it may be 
difficult to discern the actual meaning of isolated HBcAb, 
although the presence of hepatitis B e antibody (HBeAb), 
detected by a serologic assay that is infrequently performed, can 
also confirm past infection; however, this test is not 100% 
reliable as the HBeAb may wane and disappear over time. 
Several recent studies evaluated this issue and assessed the 
utility of HBV vaccination for HIV-infected subjects with 
isolated HBcAb. 

The University of Pennsylvania’s Center for AIDS 
Research evaluated the prevalence of isolated HBcAb serology 
in their database and identified 699 (59%) of 1193 HIV-infected 
subjects with this pattern [30•]. To assess for occult HBV 
infection, 179 subjects were randomly selected to have stored 
serum sent for HBV DNA and 17 subjects (10%) were 
identified with occult infection. This number may actually 
underestimate the prevalence of occult HBV as 61% of HBV 
DNA–negative subjects were receiving more than one active 
agent against HBV. Detectable HIV viremia was associated 
with occult HBV, and the authors suggest that immune 
dysfunction may contribute to persistent low-level HBV 
replication. Of note, persons coinfected with HCV were less 
likely to have occult HBV, raising questions of either a false-
positive result or the possible dominance of HCV over 
concomitant HBV infection. 

Two additional studies also looked at the prevalence of 
this serologic pattern and its impact on HBV vaccination. 
Gandhi et al. [31•] evaluated vaccine responses in 69 subjects, 
29 with isolated HBcAb and 40 with negative HBcAb. Isolated 
HBcAb serology was associated with HCV antibody positivity, 
male gender, white race, and elevated transaminases but not 
level of HIV viremia or CD4 cell count. An amnestic response 
to a single booster dose of HBV vaccine occurred in only 16% 
of subjects overall; this result did not differ between the groups. 
Interestingly, the 50% of subjects who were HBcAb positive–
HBeAb positive had a significantly higher amnestic response 
than did isolated HBcAb–positive subjects (43% vs 7%, 
respectively). The authors suggested that the former pattern 
likely represents past infection and thereby enhanced the 
vaccine response. A second study from Thailand found 28 of 
140 patients (20%) with isolated HBcAb [32]. Risk factors for 
this pattern again included HCV antibody positivity and history 
of intravenous drug use. Only 2 of the 28 subjects (7%) had an 
amnestic response to HBV vaccination. 

A final study evaluated the perception of this serologic 
pattern among 40 HIV practitioners at a Chicago clinic with 
more than 4500 HIV-infected patients [33]. Of 3810 patients 
with complete HBV serology, 698 (18%) were found to have 
isolated HBcAb. Once again this pattern was more common in 
HCV antibody–positive than in HIV-monoinfected patients 
(36% vs 13%). The majority of providers (78%) believed this 
pattern to reflect past infection with resulting immunity. Only 

six providers (15%) reported routinely vaccinating patients with 
this serologic pattern. 

The authors of the two vaccine studies recommended 
additional research to evaluate the appropriate vaccine strategy 
for this common serologic pattern. One approach at present is to 
check quantitative HBsAb 2 to 4 weeks after a single dose of 
HBV vaccine and if an amnestic response has not occurred, 
complete the three-dose series. Alternatively, one could 
vaccinate these patients with the three-dose series and then 
check the HBsAb titer. The latter approach may be more 
practical as the amnestic response was very poor in both studies 
and the additional vaccine doses will serve to boost immunity 
and yield higher protective HBsAb titers. Furthermore, having 
patients return for the 2- to 4-week visit may be impractical in 
the clinical setting. 

Perceptions About Hepatitis Vaccination 
In the current era of potent ART, providers must recognize the 
appropriate prevention measures for HIV-infected patients, 
whether those are age-appropriate cancer screenings or disease-
preventing vaccines. Several recent studies evaluated the 
perceptions of patients and providers of hepatitis vaccination 
and provider utilization of hepatitis vaccines and illustrated that 
we need appropriate medical education regarding vaccine-
preventable diseases. 

Ho et al. [34] interviewed 144 HIV-infected subjects at a 
single site in Brazil regarding receipt of several recommended 
vaccines, including hepatitis B, influenza, pneumococcal, and 
diphtheria/tetanus. Brazil’s National Immunization Program 
offers free vaccinations to all HIV-infected persons, thus 
removing any financial burden related to vaccine 
administration. Overall, the cohort had a mean CD4 count of 
443 cells/mm3 and 87% of the subjects were receiving ART, 
indicating that they were engaged in care. The subjects reported 
vaccine coverage as follows: 77% HBV vaccine, 55% 
pneumococcal vaccine, 36% diphtheria/tetanus vaccine, and 
24% influenza vaccine in the past 3 years. Only 17% of the 
entire sample had received all appropriate vaccines. 

A second study from the French Aquitaine cohort 
specifically evaluated patient and provider perceptions 
regarding HBV vaccination [35•]. Almost all the physicians 
(93%) reported being vaccinated against HBV, whereas only 
113 of 512 patients (22%) reported HBV vaccination. One of 
four physicians reported that they did not routinely perform 
HBV serologic testing, and only 23% reported that they 
evaluated patients with post-vaccination serologic testing. 
Physicians reported the following reasons for failure to 
vaccinate: forgetting (78%), difficulty in identifying at-risk 
patients (44%), and concern regarding post-vaccination 
complications (32%). Notably, a large majority of the HIV-
infected patients (82%) reported risk factors for HBV infection. 
Overall, vaccination coverage was suboptimal in this at-risk 
population, and the authors recommended developing 
educational campaigns for both patients and providers. 



These reports on vaccination practices by HIV providers 
indicate that we are missing an opportunity to prevent these 
diseases. These issues are important not only for the individual 
patient but also from the public health perspective, because 
more universal vaccination could improve population immunity 
and assist in our progress toward elimination of hepatitis 
infections. Two recent studies of intravenous drug user (IVDU) 
populations in the United States and the United Kingdom 
illustrate that vigilant HBV immunization programs are needed 
to reduce HBV in those high-risk populations as well. In a 
cohort of 831 IVDUs in San Francisco, only 22% of subjects 
had evidence of vaccine-induced immunity whereas 56% were 
naïve for all HBV markers and 21% had evidence of past or 
chronic infection [36]. 

The UK study evaluated trends regarding HBV infection 
among 31,913 IVDUs from 1992, when universal HBV 
vaccination was recommended by the World Health 
Organization, through 2004 [37]. Rates of HBV infection were 
cut in half from 1992, when 50% of IVDUs tested were HBcAb 
positive, to 1999, when only 25% of those tested were HBcAb 
positive. Unfortunately, the rates subsequently increased 
slightly, particularly among young IVDUs. Although these data 
illustrate that the current UK vaccination program focusing on 
intravenous drug use as a risk factor has had a tremendous 
impact, there is still progress to be made in terms of education 
and promotion of hepatitis vaccination. 

Conclusions 
In the current ART era, we expect the life span of HIV-infected 
persons to approach that of those without HIV infection. Given 
this fact, addressing prevention issues is critical, whether we 
focus on cardiovascular risk factors or vaccine-preventable 
diseases. In the D:A:D (Data Collection on Adverse Events of 
Anti-HIV Drugs) study, liver disease was the most common 
cause of mortality for HIV-infected persons other than AIDS-
related deaths [38]. Surprisingly, at CD4 cell counts above 200 
cells/mm3, liver-related mortality was the single most important 
cause of death in this large cohort. Both HBV and HCV were 
significantly associated with increased mortality. These findings 
serve as a clear reminder of the importance of hepatitis 
prevention. 

We recommend that all HIV-infected patients undergo 
hepatitis serology testing (HAV antibody total, HBV core 
antibody total, HBV surface antibody, HBV surface antigen, 
and HCV antibody) at baseline and then annually to monitor for 
incident infection. Given the concern for liver toxicity, we 
recommend vaccination against both hepatitis A and B for 
patients who are seronegative for these viruses, even for those 
who do not fall into traditional risk groups for HAV. Persons 
with isolated HBcAb should also be offered HBV vaccination 
as outlined previously. 

The current ACIP guidelines recommend the use of 
higher-dose (40 µg) HBV vaccine for dialysis patients and other 
immunocompromised patients [39•]. The revised US Public 
Health Service guidelines for opportunistic infections explicitly 

urge providers to vaccinate patients who have CD4 cell counts 
above 350 cells/mm3 as early as possible. For patients with 
more advanced disease, ART should be optimized to suppress 
HIV replication and increase CD4 cell counts to generate a 
better vaccine response. 

To improve the likelihood of seroconversion, we 
recommend the current two-dose series of HAV vaccine and a 
three-dose series of HBV vaccine using the higher, 40-µg 
dosing used in dialysis patients. We do not recommend the use 
of Twinrix (GlaxoSmithKline, Research Triangle Park, NC), 
the combination HAV/HBV vaccine, given the lower doses of 
HAV antigen and HBV antigen in that vaccine. We recommend 
checking HBsAb and HAV antibody status after vaccination 
and then performing yearly quantitative HBV surface antibody 
assays. Patients who fail to develop protective antibody after 
completing the vaccine series may be offered a second 
vaccination series, although development of protection remains 
low and current strategies for these patients are inadequate. For 
a person whose titer wanes to below 10 IU/L, one should 
consider administering a booster vaccine, as recommended for 
dialysis patients [33]. The role of adjuvants and other 
immunomodulating agents to improve vaccine responses is 
currently under study, and we hope to report these findings in 
the near future. 

Finally, it is clear that educational campaigns targeting 
HIV providers and HIV-infected patients need to be initiated to 
raise awareness. Along with education, vaccination campaigns 
in settings where this at-risk population can be reached can also 
help us progress toward the elimination of these vaccine-
preventable diseases. 
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