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ABSTRACT

Background: Prophylactic immunization is important for human immunodeficiency virus (HIV)-infected patients; 
however, there are insufficient data on the burden of vaccine-preventable diseases (VPDs), vaccination rates, and 
factors influencing vaccination.
Materials and Methods: The incidence and prevalence of VPDs in HIV-infected patients between 2006 and 2017 
were estimated using the Korean HIV/acquired immune deficiency syndrome (AIDS) cohort database. In addition, we 
evaluated the vaccination rates and influencing factors for vaccination in HIV-infected patients through multilevel 
analysis of clinico-epidemiological factors, immune status, and psychological status. A questionnaire survey was 
conducted among experts to determine whether they recommend vaccination for HIV-infected patients.
Results: The incidence rates of hepatitis B virus (HBV) infection, herpes zoster, and anogenital warts were 1.74, 7.38, 
and 10.85 per 1,000 person-years, respectively. The prevalence of HBV infection and anogenital warts at enrollment 
was 4.8% and 8.6%, respectively, which increased to 5.3% and 12.0%, respectively, by 2017. In HIV-infected patients, 
HBV (21.7% in 2008, 56.3% in 2013, and 75.4% in 2017) and pneumococcal vaccination rates (3.0% in 2015, 7.6% 
in 2016, and 9.6% in 2017) increased annually, whereas the influenza vaccination rate remained similar by season 
(32.7 - 35.6%). In the multilevel analysis, peak HIV viral load (≥50 copies/mL: odds ratio [OR] = 0.64, 95% confidence 
interval [CI]: 0.44 - 0.93; reference, <50 copies/mL) was an influencing factor for pneumococcal vaccination, while 
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INTRODUCTION

Prophylactic immunization is crucial to prevent vaccine-
preventable diseases (VPDs) in human immunodeficiency 
virus (HIV)-infected patients. VPDs are not only more 
prevalent among HIV-infected patients, but also lead to 
poorer clinical outcomes than in healthy individuals [1]. 
Vaccination against influenza, pneumococcus, hepatitis A 
virus (HAV), hepatitis B virus (HBV), and human papilloma 
virus (HPV) is recommended for individuals living with HIV 
[2]. Several studies have highlighted the importance of 

prophylactic immunization in HIV-infected patients [3-6]. 
However, despite the importance of immunization, there 
are no available data on vaccination rates and the factors 
influencing vaccine acceptance in Korea.

Various factors, such as inadequate awareness about 
the importance of immunization among patients and 
healthcare providers and the immune status of HIV-
infected patients, may hinder vaccine acceptance [7]. 
Therefore, it is necessary to understand the disease 
burden of VPDs, vaccination rates, and factors influencing 
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nadir CD4 T-cell counts (200 - 350 cells/mm3: OR = 0.54, 95% CI: 0.38 - 0.76; <200 cells/mm3: OR = 0.89, 95% CI: 0.62 
- 1.28; reference, ≥350 cells/mm3) was an influencing factor for HBV vaccination. Influenza vaccination was associated 
with male sex (OR = 1.94) and the number of antiretroviral therapy (ART) regimen change (OR = 1.16), but was not 
significantly associated with HIV viral load or CD4 T-cell counts. Most experts responded that they administer hepatitis 
A virus, HBV, pneumococcal, and influenza vaccines routinely, but not human papillomavirus (12.9%) or herpes zoster 
vaccines (27.1%).
Conclusion: The burden of vaccine-preventable diseases was quite high in HIV-infected patients. Nadir CD4 T-cell 
counts, peak HIV viral loads, and the number of ART regimen change are significant factors related to vaccination. 
Considering the low vaccination rates for VPDs, there was a discordance between experts' opinions and real clinical 
practice in the medical field.

Keywords: HIV; Disease burden; Vaccination; Risk factor; Vaccine-preventable diseases

GRAPHICAL ABSTRACT



https://doi.org/10.3947/ic.2023.0045

vaccination in HIV-infected patients to improve their 
health outcomes.

This study aimed to evaluate the incidence and prevalence 
of VPDs, vaccination rates, and factors influencing 
vaccination in HIV-infected patients.

MATERIALS AND METHODS

1. Study design and data collection
This cross-sectional study used data from the Korea HIV/
acquired immune deficiency syndrome (AIDS) Cohort Study 
(KoCosHIV), which includes 16 mid and large-scale general 
hospitals across six cities [8]. The incidence and prevalence 
of VPDs (HAV, HBV, pneumococcus, influenza, HPV, and 
herpes zoster) were estimated in HIV-infected patients 
registered in the KoCosHIV database between 2006 and 
2017. The incidence rate was calculated as the number 
of new cases of VPDs per 1,000 person-years. Hepatitis 
vaccination rates and seroprevalence were estimated as 
the positive serological test results for IgG anti-HAV and 
anti-HBs antibodies at baseline and follow-up visits.

The demographic and clinical data of the patients were 
collected at baseline and every 6 months thereafter. 
Laboratory results, including CD4 T-cell counts, HIV viral 
loads, and serological tests for VPDs, were also collected 
simultaneously. In addition, information on vaccination 
status and reasons for non-vaccination were obtained 
through patient interviews.

2. Ethics statement
The KoCosHIV study was approved by the institutional 
review board of each participating center and was 
conducted in accordance with the principles of the 
Declaration of Helsinki. All patients provided written 
informed consent before enrollment in the study. This 
study was approved by the Institutional Review Board 
(IRB) of Korea University Guro Hospital (IRB approval 
no.: 2006GR0065), and written informed consent was 
obtained from all participants.

3. �Evaluation of vaccination rates and influencing 
factors

The vaccination rates of the major vaccines recommended 
for HIV-infected patients, including HAV, HBV, pneumococcal, 
and influenza vaccines, were evaluated. For HBV, 
pneumococcal, and influenza vaccines, we analyzed the 
factors influencing vaccination in HIV-infected patients 

through a multilevel analysis of clinico-epidemiological 
factors, immune status, and psychological status.

4. Questionnaire survey for HIV care experts
From September 2020 to October 2020, a web-based 
survey using Google Forms was conducted among 
infectious disease (ID) specialists in HIV care to assess their 
opinions on vaccination of HIV-infected patients. A list of 
267 ID specialists and their email addresses was obtained 
from the Korean Society of Infectious Diseases, and the 
survey forms were emailed to them, of which 70 (26.2%) 
participated in the survey. The survey included questions 
about whether they recommended vaccinations for HAV, 
HBV, pneumococcus, influenza, HPV, and herpes zoster.

5. Statistical analysis
Incidence and prevalence rates were calculated using 
a Poisson distribution. The vaccination rates were 
compared between different years using the Chi-square 
test. Seroconversion and seroreversion rates were 
compared between different groups using the chi-square 
test or Fisher's exact test. Multilevel logistic regression 
analysis was conducted to evaluate the factors influencing 
vaccination. Statistical significance was set at P <0.05. All 
statistical analyses were performed using SAS software 
(version 9.4; SAS Institute Inc., Cary, NC, USA).

Incidence and prevalence rates were identified by follow-
ups since enrollment of the cohort study. The descriptive 
statistics and chi-square test compared the vaccination 
rates and all-related factors between years performed. 
Multiple multilevel logistic regression was performed to 
simultaneously consider individual-level factors (gender, 
age, etc.) with different response values across individuals 
and institution-level factors (number of beds) with different 
response values across survey sites (hospitals). The model fit 
was calculated using the Intra-class Correlation Coefficient 
(ICC), and the formula is shown below (τ: variance, π: 3.14).

ICC = τ/(τ + τ2/3)

The ICC has a value between 0 and 1, with values closer 
to 1 indicating a strong influence on vaccination rates 
at the institutional level. Given that the ICCs are 33.0%, 
26.0%, and 32.0% for the null model, which is the 
uncorrected model, respectively, this model confirms 
the appropriateness of conducting a multilevel analysis. 
The P value of the Between community variance (BCV) 
for ICC is less than 0.05, confirming that the differences 
in vaccination rates between institutions are significant. 
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Statistical significance was set at P <0.05. significant. 
All statistical analyses were performed using the SAS 
software (version 9.4; SAS Institute Inc., USA).

RESULTS

From 2006 to 2017, a comprehensive analysis was carried 
out on a cohort of 1,485 individuals who were enrolled in 
the KoCosHIV database. Among them, 1,388 individuals 
(93.5%) were male, while 97 individuals (6.5%) were 
female. The average age at enrollment was determined to 
be 41.3 years with a standard deviation of 12.6 years.

1. Disease burden of VPDs in HIV-infected patients
Tables 1 and 2 provide overviews of the burden of vaccine-
preventable diseases, specifically HBV, herpes zoster, and 
anogenital warts. The incidence rates of HBV, herpes zoster, 
and anogenital warts were 1.74, 7.38, and 10.85 per 1,000 
person-year, respectively. The prevalence of HBV at cohort 
entry was 4.8% and the cumulative prevalence in 2017 was 
5.3%. The prevalence of anogenital warts at cohort entry 
was 8.6% and the cumulative prevalence in 2017 was 12.0%.

2. �Vaccination rates and influencing factors to get 
vaccinated

Vaccination rates for VPDs in HIV-infected patients are 
presented in Figure 1 and Supplementary Tables 1-3. 
Influenza vaccination rates remained consistent each year, 
ranging from 32.7% to 35.6%. In comparison, vaccination 
rates for HBV and pneumococcal vaccines showed a 
gradual increase over the study years: HBV vaccination 
rates (21.7% in 2008, 56.3% in 2013, and 75.4% in 2017) 
and pneumococcal vaccination rates (3.0% in 2015, 7.6% 
in 2016, and 9.6% in 2017).

3. �Factors related to seroconversion and 
seroreversion

Supplementary Tables 4 and 5 present the year-specific 
seroprevalence and seroconversion/seroreversion rates 
of the anti-HB antibodies. In addition, we evaluated 
factors associated with seroconversion and seroreversion. 
Seroconversion from anti-HBs-negative to anti-HBs-
positive was related to younger age (18 - 49 years), 
undetectable HIV viral load (<50 copies/mL), and low CD4 
T-cell counts (<200 cells/mm3) at enrollment. Conversely, 
seroreversion was associated with a detectable viral load 
(≥50 copies/mL) at enrollment, although this difference 
was not statistically significant.
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Figure 1. Vaccination rate of hepatitis B, PCV13, PPSV23, and Influenza by year. 
PCV13, 13-valent pneumococcal conjugate vaccine; PPSV23, 23-valent pneumococcal polysaccharide vaccine.

Table 1. Incidence of hepatitis B virus infection, herpes zoster, and 
anogenital wart in HIV-infected patients

Diseases New cases during 
study periods

Incidence 
(cases/1,000 
person-year)

Hepatitis B virus infection 8 1.74
Herpes zoster 34 7.38
Anogenital wart 50 10.85

HIV, human immunodeficiency virus.

Table 2. Age-stratified prevalence of hepatitis B virus infection and 
anogenital wart in HIV-infected patients

Variables Total At enrolment Cumulative until 
2017

HBV Anogenital 
wart

HBV Anogenital 
wart

Total 1,485 (100.0) 71 (4.8) 128 (8.6) 79 (5.3) 178 (12.0)
Age at enrollment

<30 y 297 (20.0) 7 (2.4) 40 (13.5) 7 (2.4) 62 (20.9)
30 - 39 y 401 (27.0) 15 (3.7) 39 (9.7) 16 (4.0) 49 (12.2)
40 - 49 y 399 (26.9) 24 (6.0) 35 (8.8) 29 (7.3) 48 (12.0)
≥50 y 388 (26.1) 25 (6.4) 14 (3.6) 27 (7.0) 19 (4.9)

Categorical variables were shown as numbers (percentage).
HIV, human immunodeficiency virus; HBV, hepatitis B virus.
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4. Influencing factors for vaccination
Tables 3 - 5 presented the results of the multilevel analyses 
conducted to identify the factors that influence vaccination 
against pneumococcus, HBV, and influenza. In the multilevel 
analysis, peak HIV viral load (≥50 copies/mL: odds ratio [OR] 
= 0.64, 95% confidence interval [CI]: 0.44 - 0.93; reference, 
<50 copies/mL) was an influencing factor for pneumococcal 
vaccination, while nadir CD4 T-cell counts (200 - 350 cells/
mm3: OR = 0.54, 95% CI: 0.38 - 0.76; <200 cells/mm3: OR = 
0.89, 95% CI: 0.62 - 1.28; reference, ≥350 cells/mm3) was 
an influencing factor for HBV vaccination. In the multilevel 
analysis for influenza vaccination, higher vaccination rates 
were observed among men (OR = 1.94, 95% CI: 1.02 - 3.70) 
and individuals who had changed their antiretroviral regimen 
change one or more times (OR = 1.16, 95% CI: 1.08 - 1.24).

5. Survey for HIV care experts
The majority of experts believed that HIV-infected 
individuals should receive vaccinations for HAV, HBV, 
pneumococcus, and influenza routinely (Supplementary 
Table 6). However, few specialists have recommended 
vaccination for HPV and herpes zoster in HIV patients.

DISCUSSION

In this study, we evaluated the disease burden of VPDs and 
vaccination rates in patients with HIV infection. The burden 
of vaccine-preventable diseases was significantly higher 
in HIV-infected patients. CD4 T-cell counts, HIV viral loads, 
and the number of antiretroviral therapy regimen change 
are significant factors related to vaccination.

The incidence rate of herpes zoster in the general 
population has been reported to be lower (5.1 per 1,000 
person-years) than that in HIV-infected individuals (7.38 
per 1,000 person-years), indicating a higher incidence rate 
[9]. The prevalence rates of HBV infection and anogenital 
warts at enrollment were 4.8% and 8.6%, respectively, 
which were significantly higher than those in the general 
population (2.9% for HBV infection and 0.7% for anogenital 
warts) [10, 11]. Our finding of a high incidence and prevalence 
of VPDs in HIV-infected patients is consistent with those 
of previous studies that reported an increased risk of 
VPDs in this population [6, 12, 13]. Therefore, prophylactic 
immunization is crucial for HIV-infected patients to prevent 
morbidity and mortality due to VPDs.

In this study, the vaccination rates for HBV and 
pneumococcus increased annually, which is encouraging, 

whereas the influenza vaccination rate remained low 
despite the recommendations for high-priority annual 
immunization. A study conducted in the US showed that 
the influenza vaccination rate was almost 50.0% higher 
among people with HIV than among those without HIV, 
reflecting greater engagement with the healthcare 
system [14]. Therefore, integrated care may play a role in 
improving vaccination rates in this population.

We found that nadir CD4 T-cell count was significantly 
related to HBV vaccination. This may be because CD4 
T-cell counts were used as a criterion for determining 
vaccination in HIV-infected patients [2]. We also 
found that the peak HIV viral load was negatively 
associated with pneumococcal vaccination. This may 
be due to the likelihood of pneumococcal vaccination 
being administered after the HIV viral load became 
undetectable. In addition, the positive association 
between the number of antiretroviral therapy regimen 
change and influenza vaccination may be attributable to 
increased contact with healthcare providers, resulting in 
more opportunities to receive influenza vaccination.

According to the survey results, most experts recommended 
routine vaccination for HBV, HAV, pneumococcus, and 
influenza but not for HPV and herpes zoster. This can 
be explained by the fact that only live-attenuated zoster 
vaccines were available during the study period, which 
could pose challenges for immunocompromised individuals 
with HIV, as the recombinant zoster vaccine received 
domestic approval in September 2021. The low rate of 
HPV vaccine recommendations might be related to lower 
awareness of the HPV disease burden and high vaccine 
cost. According to the Health Insurance Review and 
Assessment Service, the average price of HPV vaccine was 
139,310 won (109.96 USD) per dose as of June 2023. HPV 
vaccination is covered only for females by the National 
Immunization Program (NIP), not including male patients 
who make up the majority of HIV patients. It would be 
reasonable to expand the NIP to include HPV vaccination 
for high-risk males to prevent HPV-related conditions 
such as penile cancer, anal cancer, genital warts, and 
oropharyngeal cancer.

Our study also revealed discordance between clinical 
practice and expert opinions regarding vaccination 
for HPV and herpes zoster. Systematic support and 
educational efforts are needed to improve vaccination 
awareness and practice in HIV care settings, particularly 
for HPV and herpes zoster vaccinations.
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This study had several limitations. First, the incidence 
and prevalence of VPDs may have been underestimated 
because some patients may have sought care outside 
the HIV/AIDS cohort system. Second, this study did not 
evaluate the effectiveness of vaccination in preventing 
VPDs or the impact of vaccination on clinical outcomes, 
such as hospitalization or mortality. Another limitation 
of this study is that we only evaluated a subset of VPDs. 
Finally, we did not assess factors such as the reasons for 
vaccine refusal or hesitancy, socioeconomic status, and 
education level, which could influence vaccination rates.

In conclusion, the disease burdens of HBV, HPV, and herpes 
zoster were quite high in HIV-infected patients than in the 
general population. Healthcare providers should be aware 
of the high burden of VPDs in HIV-infected patients and 
encourage vaccination to their patients.
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