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A B S T R A C T   

Background: Studies have demonstrated low hepatitis A virus (HAV) vaccination rates among persons with HIV 
(PWH). 
Methods: We conducted a retrospective study of persons entering HIV care at two clinics in Houston, Texas 
between 2010 and 2018. We defined those eligible for HAV vaccination as those who had no history of HAV 
vaccination and had a negative anti-HAV IgG at entry to care. Kaplan-Meier curves summarized time to receipt of 
HAV vaccines. The proportions of patients who received 1 and 2 HAV vaccines at 6, 12, and 24 months were 
estimated. Cox proportional hazards regression evaluated associations between patient characteristics and 
vaccination. Significant factors were included in a multivariable Cox proportional hazards model. 
Results: Of 6,515 patients, 1372 were eligible for HAV vaccination. Of eligible patients, 29.2 % received 1 HAV 
vaccination at 6 months, 37.1 % at 12 months, and 47.8 % at 24 months. At 6 months, 10 % received 2 HAV 
vaccinations, 21.1 % at 12 months, and 33.4 % at 24 months. In multivariable analysis, men who have sex with 
men (adjusted HR 1.35, 95 % CI 1.06, 1.73) or those who had CD4 count ≥ 200 cells/µl (adjusted HR 2.52, 95 % 
CI 1.89, 3.37) had their second vaccination sooner than those who were not men who have sex with men or who 
had CD4 counts < 200 cells/µl, respectively. Patients > 50 years of age had their second vaccination sooner than 
those aged 30–50 years (adjusted HR 1.47, 95 % CI 1.08, 1.99). Those with active substance history had a longer 
time to second vaccination compared to those with no substance use history (adjusted HR 0.57, 95 % CI 0.40, 
0.82). 
Conclusions: HAV vaccination rates were low and highlight the need for effective solutions to address HAV im
munization gaps in PWH, especially among young patients, those with active substance use disorders, and those 
with significant immunocompromise.   

Introduction 

Hepatitis A virus (HAV) vaccine is a highly effective tool to prevent 
hepatitis A infection, and it is recommended for all people with HIV 

(PWH) in the United States [1]. While HAV infection usually causes a 
self-limited illness and acute liver inflammation in the majority of per
sons, it may lead to more severe illness among PWH [2]. In addition to 
an extended time period of viremia and fecal excretion, PWH have an 
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increased HAV load and the time to normalization of alanine amino
transferase levels may be prolonged [2]. Frequent co-infection with 
hepatitis B virus (HBV) and hepatitis C virus (HCV) in PWH further in
creases the risk of more severe illness due to HAV infection, including 
fulminant hepatitis [3]. Liver disease is among the leading non-AIDS 
causes of death in PWH [4,5]. While HAV infection is most commonly 
acquired through ingestion of fecally contaminated food or water or 
through the fecal-oral route, infection may also occur through sexual 
transmission, particularly in men who have sex with men (MSM), and 
through injection drug use (IDU) [6–9]. HAV outbreaks have increased 
worldwide over the past decade, notably among persons experiencing 
homelessness, those who inject drugs, MSM, and PWH [9–18]. 

Previously, the US Centers for Disease Control and Prevention 
Advisory Committee on Immunization Practices (ACIP) recommended 
that PWH with other risk factors for becoming infected or developing 
severe HAV infection receive HAV vaccination: MSM, IDU, occupational 
risk, persons experiencing homelessness, chronic liver disease, and in
ternational travelers [19]. However, the ACIP updated the Recom
mended Adult Immunization Schedule in 2020 to include HIV as a risk 
factor for HAV infection and as an indication to receive the HAV vaccine 
[1]. Prior studies of HAV vaccination in PWH with additional risk factors 
for HAV infection have demonstrated that only 10–29 % of HAV sus
ceptible patients received at least one dose of the HAV vaccine [20–22], 
with the exception of one study that showed HAV immunization rates 
over 60 % in an MSM population [23]. Prior to the addition of HIV as an 
indication for HAV vaccination by the ACIP in 2020, the 2009 update to 
the HIV Medicine Association (HIVMA) of the Infectious Disease Society 
of America primary care guidelines for the management of persons with 
HIV recommended consideration to giving HAV vaccine to all PWH 
[24]. 

We sought to understand the factors associated with HAV vaccina
tion in Thomas Street Health Center (TSHC) and Harris Health North
west HIV (NW HIV) Clinics in Houston, Texas and to determine the HAV 
vaccination rate of patients entering care in these clinics between 2010 
and 2018. It was the practice in the two clinics in this study to administer 
HAV vaccine to all PWH during the study period based on the prior 
HIVMA recommendations. We hypothesized that those with additional 
risk factors for HAV acquisition or severe infection would be more likely 
to have received HAV vaccine than those without risk factors, as clini
cians may have perceived them to be at higher risk for HAV infection or 
complications. 

Methods 

Study design and population 

The primary objective of this study was to determine the proportions 
of PWH who received at least 1 and 2 HAV-containing vaccines (HAV
RIX®; GlaxoSmithKline Biologicals, Rixensart, Belgium; VAQTA®, 
Merck & Co., Whitehouse Station, NJ; or TWINRIX®; GlaxoSmithKline 
Biologicals, Rixensart, Belgium) at 6, 12, and 24 months after entering 
care at the TSHC and NW HIV Clinics in Houston, TX. These clinics are 
part of the Harris County Health system and receive Ryan White fund
ing. We also sought to evaluate patient demographic and clinical vari
ables associated with HAV vaccine receipt. 

The Baylor College of Medicine Institutional Review Board approved 
the study. We abstracted data by retrospective chart review from the 
electronic medical record (EMR). PWH ≥ 13 years of age who entered 
care as new patients with ≥ 1 clinic visits between January 1, 2010 and 
December 31, 2018 were included in the study. It is the standard prac
tice in the clinics to check anti-HAV immunoglobulin G (IgG) on 
screening labs before the entry to care visit. Anti-HAV IgG screening 
rates prior to entry to care or within 90 days after entry to care and the 
number of patients eligible to receive a HAV-containing vaccine at entry 
to care were determined. We defined eligibility for HAV vaccine receipt 
to include all persons who were anti-HAV IgG negative and had not 

received prior HAV vaccination per medical record documentation. HAV 
and combination HAV-HBV combination vaccine administration dates 
were captured from the immunization tab in the EMR. During this study 
period, vaccinations were provided in the TSHC and NW HIV Clinics. 
Vaccinations were either administered during the routine clinic visits or 
at separate nurse visits for vaccination. 

Substance use history, including IDU, and sexual history were 
abstracted from the EMR from a standardized questionnaire that is 
administered at patient entry to care. Risk factors for HAV infection in 
this study included history of chronic HBV and/or HCV infection, MSM, 
history of IDU, history of substance use, and history of hemophilia. We 
were unable to assess homelessness in this study due to limitations of 
data abstraction from the EMR. We identified chronic HBV infection, 
chronic HCV infection, and history of hemophilia by International Dis
ease Classification (ICD)-9 and ICD-10 codes and by lab results for 
hepatitis B surface antigen and hepatitis C RNA. 

Statistical analyses 

We analyzed data using Stata 16 with the support of the Baylor 
College of Medicine Institute for Clinic and Translational Research 
(ICTR). Among patients eligible for HAV vaccine, Kaplan-Meier curves 
were used to summarize the time to receiving 1 HAV vaccine and time to 
receiving 2 HAV vaccines. The cumulative incidence (95 % CI) which is 
equivalent to the proportion of patients who received 1 and 2 HAV 
vaccines at 6, 12, and 24 months from entry to care was estimated. 
Patients were censored at either their last follow-up or at 24 months, 
whichever came first. Univariable Cox regression was used to test the 
associations between the time to receiving 1 or 2 HAV vaccinations and 
the following baseline characteristics: race/ethnicity, age category, sex 
at birth, being transgender, MSM, injection drug use, substance use 
disorder history, chronic hepatitis B, chronic hepatitis C, HIV viral load 
(VL) ≥ 200 copies/ml, CD4 ≥ 200 cells/µl, time period of entering care, 
and previous care elsewhere. Factors found significant at p < 0.05 were 
included in a multivariable Cox regression. To avoid collinearity, factors 
found to be correlated with each other (r ≥ |0.5|) were not included in 
the same model. The proportional hazards assumption was assessed by 
reviewing the scaled Shoenfeld residuals and log–log plots. Due to low 
frequencies, we combined Asian and other race/ethnicity categories in 
the survival analysis. 

Results 

Subject characteristics 

A total of 6,515 patients entered care and had at least 1 clinic visit 
between 2010 and 2018. Fig. 1 depicts the process by which 1372 pa
tients were determined to be eligible for HAV vaccination. These 1372 
patients had a negative anti-HAV IgG at entry to care in our clinics and 
had no history of HAV vaccination as documented in EMR. The average 
age at entry to care for the cohort eligible for HAV vaccination was 38.2 
(SD 10.6) years (Table 1). We report combined race and ethnicity data, 
as this is the method by which the Ryan White HIV/AIDS Program 
collects and reports the data. The Black/African American population 
was the largest represented race/ethnicity in the cohort (70.5 %), fol
lowed by the Hispanic/Latino ethnicity (11.1 %), White (17.6 %), and 
Asian (0.7 %). The cohort was 67.4 % male at birth. Twelve (0.9 %) were 
transgender. At entry to care in our clinics, 65.5 % of patients had an 
absolute CD4 count ≥ 200 cells/µl; 79.7 % of patients had an HIV viral 
load (VL) ≥ 200 copies/mL and 37.7 % of patients reported HIV care 
elsewhere prior to entering care at our clinics. 

Table 2 reports summary statistics of the cohort’s risk factors for 
HAV acquisition or severe infection: 6.2 % reported history of IDU; 4.7 
% had history of chronic hepatitis B infection; 3.0 % had history of 
chronic hepatitis C infection; 37.7 % reported male-to-male sexual 
contact; and none had a history of hemophilia. Of the 1,214 patients for 
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whom substance use history was available, 19.9 % had an active sub
stance use disorder, and 18.6 % reported history of a substance use 
disorder. Among this cohort, 261 (19.0 %) had at least 2 of these risk 

Fig. 1. Determination of cohort eligible for hepatitis A vaccination. HAV = hepatitis A virus, IgG = immunoglobulin G.  

Table 1 
Characteristics of patients eligible for hepatitis A vaccination (n = 1372).   

nþ Percent 
(%) 

Mean 
(SD) 

Age at Time of Entry to Care (years)   38.2 (10.63) 
Race/Ethnicity    
White 241  17.6  
Black/African American 967  70.5  
Hispanic/Latinoa 152  11.1  
Asian 10  0.7  
Other 2  0.1  
Sex at Birth    
Male 925  67.4  
Female 447  32.6  
Gender Identity    
Male 914  66.6  
Female 458  33.4  
Transgender    
No 1360  99.1  
Yes 12  0.9  
Year of Entry to Care    
2010–2014 899  65.5  
2015–2018 473  34.5  
CD4 count at Entry to Care 

N = 1353    
< 200 467  34.5  
≥ 200 886  65.5  
HIV Viral Load at Entry to Care 

N = 1352    
< 200 copies/mL 274  20.3  
≥ 200 copies/mL 1,078  79.7  

N = Total number of patients in sample, n+ = frequency. 
a Hispanics/Latinos can be of any race. 

Table 2 
Patient risk factors for hepatitis A acquisition and severe infection*.   

nþ Percent 
(%) 

History of Injection Drug Use 
N = 1372   

No 1287 93.8 
Yes 85 6.2 
History of Substance Abuse 

N = 1214   
None 747 61.5 
Yes, active 241 19.9 
Yes, not active 226 18.6 
Male-to-male sexual contact 

N = 1372   
No 855 62.3 
Yes 517 37.7 
Chronic HBV Infection1 

N = 1372   
No 1307 95.3 
Yes 65 4.7 
Chronic HCV Infection1 

N = 1372   
No 1331 97.0 
Yes 41 3.0 
History of Hemophilia1 

N = 1372   
No  1372 100 

N = Total number of patients in sample, n+ = frequency. 
HAV = hepatitis A virus. 

1 by International Disease Classification (ICD-9) and ICD-10 codes, hepatitis B 
surface antigen and HCV RNA. 

* Excluding HIV, which was later added as a risk factor for HAV and indication 
for HAV vaccination[1]. 
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factors for HAV acquisition or severe infection. 

HAV vaccination rates 

At six months from entry to care, 29.2 % (95 % CI 26.7, 31.9 %) of 
patients had received 1 dose of HAV vaccination, 37.1 % of patients (95 
% CI 34.4, 40.0 %) at 12 months, and 47.8 % of patients (95 % CI 44.8, 
50.8) at 24 months (Table 3). At six months from entry to care, 10.0 % 
(95 % CI 8.4, 11.9 %) of patients had received at least two doses of HAV 
vaccines, 21.2 % (95 % CI 18.9, 23.7 %) of patients at 12 months, and 
33.4 % (95 % CI 30.5, 36.4 %) of patients at 24 months (Table 4). Of the 
538 patients who received at least one HAV vaccine in this study, 283 
(52.6 %) received combined HAV-HBV vaccine. 

Subject characteristics and HAV vaccination rates 

In univariable analysis using Cox regression, race/ethnicity, gender, 
injection drug use, chronic hepatitis B infection, and chronic hepatitis C 
infection, receiving prior care elsewhere, and having more than one risk 
factor for severe hepatitis A infection (risks outlined in Table 2) were not 
associated with time to receiving 1 HAV vaccine. Age > 50 years 
compared to 30–50 (p = 0.009), being MSM (p = 0.001), and having 
CD4 ≥ 200 copies/µl (p < 0.001) were associated with shorter time to 
first HAV vaccine dose (Table 5). Having an active substance use dis
order (p = 0.016), entering care between 2015 and 2018 (p = 0.037), 
and HIV VL ≥ 200 copies/ml (p = 0.010) were associated with longer 
time to vaccination (Table 5). In multivariable analysis, MSM (adjusted 
HR 1.39, 95 % CI: 1.15, 1.68) or those who had a CD4 count ≥ 200 cells/ 
uL (adjusted HR 2.40, 95 % CI: 1.92, 2.99) had their first vaccination 
sooner than those who were not MSM or had a CD4 count < 200 cells/ 
uL, respectively (Table 6). Age (p = 0.058), time period of entry to care 
(p = 0.061), substance use history (p = 0.110) and viral load (p = 0.672) 
were not associated with time to first vaccination in the multivariable 
model (Table 6). 

In univariable using Cox regression, age > 50 years compared to 
30–50 (p = 0.001), being transgender (p = 0.024), MSM (p = 0.014), 
and having CD4 ≥ 200 copies/µl (p < 0.001) were associated with 
shorter time to completion of 2 HAV vaccines (Table 7). In multivariable 
analysis, MSM (adjusted HR 1.35, 95 % CI: 1.06, 1.73) or those who had 
a CD4 count ≥ 200 cells/uL (adjusted HR 2.52, 95 % CI: 1.89, 3.37) had 
their second vaccination sooner than those who were not MSM or had a 
CD4 count less than 200 cells/uL, respectively (Table 8). Patients older 
than 50 years had their second vaccination sooner than those aged 
30–50 (adjusted HR 1.47, 95 % CI: 1.08, 1.99). Those with an active 
substance use history had a longer time until their second vaccination 
compared to those with no substance use history (adjusted HR 0.57, 95 
% CI: 0.40, 0.82). The time period of entry to care (p = 0.125), viral load 
(p = 0.403), and being transgender (p = 0.115) were not associated with 
the time to second vaccination in the multivariable model. 

Discussion 

Our study demonstrated low HAV vaccination rates among PWH 
over 24 months after entry to HIV care at two clinics in Houston, Texas, 

despite high prevalence of additional factors for HAV infection. PWH are 
at risk for severe hepatitis A infection [2]. In addition, many PWH have 
underlying liver disease, which puts them at greater risk for severe 
hepatitis A infection and resultant disease [3–5]. Our findings of low 
HAV vaccination rates in PWH align with earlier studies and show that 
no improvements in vaccination occurred, at least within 2 years of 
entry to HIV care [20–22]. A retrospective, cross-sectional analysis by 

Table 3 
Proportion of patients who received 1 hepatitis A vaccination at specified time.  

Months from 
entry to care 

At 
risk 

N received 
vaccine 

Cumulative 
incidence1 

95 % C.I. 

0 1372    
6 763 361  0.292 0.267–––0.319 
12 616 81  0.371 0.344–––0.400 
24 426 96  0.478 0.448–––0.508  

1 equivalent to proportion of patients who received 1 HAV vaccination at 
specified time. 

Table 4 
Proportion of patients who received 2 hepatitis A vaccinations at specified time.  

Months from 
entry to care 

At 
risk 

N received 
vaccine 

Cumulative 
incidence1 

95 % C.I. 

0 1372    
6 963 115  0.100 0.084––0.119 
12 764 113  0.212 0.188–––0.237 
24 532 109  0.334 0.305–––0.364  

1 equivalent to proportion of patients who received 2 HAV vaccinations at 
specified time. 

Table 5 
Univariable Cox proportional hazards regression for time to completing 1 hep
atitis A vaccination.   

Hazards ratio 95 % C.I. p value 

Race/Ethnicity    0.096 
White Reference   
Black 0.81 0.65––1.02  0.073 
Hispanic 1.03 0.75 – 1.40  0.856 
Other 0.50 0.16 – 1.57  0.233 
Age category    0.011 
30–50 years Reference   
< 30 years 1.24 1.02–1.51  0.032 
>50 years 1.37 1.08–1.73  0.009 
Female at birth 0.96 0.80–1.15  0.653 
Transgender 2.24 1.00–5.02  0.050 
MSM 1.33 1.12–1.57  0.001 
Injection drug use 1.10 0.78–1.56  0.580 
Substance use    0.043 
None Reference   
Yes, active 0.73 0.57–0.94  0.016 
Yes, not active 1.02 0.81–1.28  0.880 
Chronic hepatitis B 1.02 0.69–1.50  0.934 
Chronic hepatitis C 1.43 0.92–2.21  0.108 
HIV VL ≥ 200 copies/ml 0.76 0.62–0.94  0.010 
CD4 ≥ 200 cells/µl 2.38 1.95–2.91  <0.001 
Entered care 2015–2018 0.82 0.68–0.99  0.037 
Previous care elsewhere 1.05 0.88–1.26  0.572 
More than 1 risk factor* 1.18 0.96–1.46  0.116 

MSM = men who have sex with men. 
VL = viral load. 

* risk factors considered here are those listed in Table 2. 

Table 6 
Multivariable Cox proportional hazards regression for time to completing 1 
hepatitis A vaccination.   

Hazards ratio 95 % C.I. p value 

Age category    0.058 
30–50 years Reference   
<30 years 0.97 0.78–1.21  0.781 
>50 years 1.33 1.03–1.70  0.026 
MSM 1.39 1.15–1.68  0.001 
Substance use    0.110 
None Reference   
Yes, active 0.76 0.59–0.99  0.040 
Yes, not active 1.00 0.79–1.27  >0.999 
HIV VL > 200 copies/ml 0.95 0.75–1.20  0.672 
CD4 ≥ 200 cells/µl 2.40 1.92–2.99  <0.001 
Entered care 2015–2018 0.82 0.67–1.01  0.061 

MSM = men who have sex with men. 
VL = viral load. 
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Tedaldi et al. of 9 clinic sites, spanning seven US cities, participating in 
the HIV Outpatient Study examined HAV vaccination rates in 2002. Of 
the 716 patients eligible for HAV vaccination, only 23.3 % received ≥ 1 
dose of HAV vaccine, and, of those who received ≥ 1 dose of HAV 
vaccine, only 53.9 % received ≥ 2 doses (12.6 % of the overall popu
lation received two doses) [20]. Of note, the study by Tedaldi et al. 
evaluated HAV vaccination rates in PWH who had other risk factors for 
HAV infection that included whether they were HCV co-infected, were 
hepatitis B surface antigen positive, or had IDU or male-to-male sexual 
contact as a risk factor for HIV [12]. 

An evaluation of hepatitis prevention services for MSM with HIV 
infection conducted from 2004 to 2007 in 8 HIV clinics in 6 US cities 
among 1329 patients reported that 47 % percent of MSM with HIV 
infection were screened for anti-HAV IgG. Among those eligible for HAV 
vaccination, 29 % received at least one HAV vaccine dose [21]. Another 
study examining HAV vaccination rates among PWH with other risk 
factors for HAV infection (MSM and IDU) utilized the Medical Moni
toring Project, a national surveillance database of persons receiving HIV 

medical care in the US, from 2009 to 2013. Of their study population 
who were eligible for HAV vaccination, only 10 % received vaccination 
within 12 months of observation [22]. A more recent study that evalu
ated HAV vaccination rates among MSM with HIV infection at the 
University of Nebraska Medical Center HIV clinic reported over 60 % 
completion of HAV vaccine series [23]. 

Although it had generally been the practice at our clinics to screen 
for anti-HAV IgG and to vaccinate all PWH susceptible for HAV, we 
observed that of the 6515 patients who entered care during our study 
period, 1709 (26 %) did not have anti-HAV IgG checked prior to care or 
within 90 days of entry to care. Of those who did have anti-HAV IgG 
checked, 71 % had a positive test result. We analyzed whether those who 
were “high risk” for HAV infection (MSM, injection drug use, chronic 
hepatitis B or C infection, and hemophilia) in the population of 6515 
patients entering care during the study period were more likely to have 
had anti-HAV IgG checked than those who did not have one of these risk 
factors. However, we did not find an association between checking anti- 
HAV IgG and being high risk for HAV acquisition or more severe disease. 
Thus, it does not appear that providers were only checking anti-HAV IgG 
on those who had risk factors for HAV vaccination. Some of the 1709 
patients who entered care during 2010–2018 and did not have an anti- 
HAV IgG test may have been candidates for HAV vaccination. However, 
as 71 % of the population tested for anti-HAV IgG were seropositive, we 
noted that including those who never had a anti-HAV IgG test performed 
might mean including many people who were not eligible for vaccina
tion. We did perform univariable and multivariable analyses evaluating 
for factors associated with time to vaccination among the cohort of those 
who did not have anti-HAV IgG and those who were anti-HAV-IgG 
negative and had never received HAV vaccine and found that the anti- 
HAV IgG not being performed (compared to being performed and with 
a negative result) was associated with longer time to completing both 1 
(HR 0.35 95 % CI 0.30, 0.40, p < 0.001) and 2 HAV vaccinations (HR 
0.40 95 % CI 0.33, 0.48, p < 0.001). In multivariable analysis when 
controlling for other significant variables for time to completing 1 and 2 
HAV vaccinations, having anti-HAV not performed versus a negative test 
result was also associated with longer time to vaccination. 

While we hypothesized that we would see associations between time 
to hepatitis A vaccination and risk factors for HAV acquisition or severe 
disease (i.e. hepatitis B or C infections, injection drug use, or male-to- 
male sexual contact), we only observed an association with faster time 
to HAV vaccination among MSM patients. Receipt of at least 1 dose of 
HAV vaccine over a 24-month period was more likely to occur in PWH 
who had a CD4 ≥ 200 cells/µl and MSM. The 2020 CDC ACIP guidelines 
recommend HAV vaccination for all PWH, a recommendation that may 
streamline the approach of vaccinating PWH against HAV. Future 
studies would be needed to assess the changes in HAV vaccination rates 
in PWH as a result of these recommendations. 

The finding of CD4 count ≥ 200 cells/µl being associated with faster 
time to vaccine receipt may reflect a provider’s decision to delay im
munization until immune reconstitution has occurred among those with 
CD4 < 200 cells/µl during this study period. We also noted that CD4 
count ≥ 200 cells/µl was associated with faster time to hepatitis B im
munization in a study conducted in our clinics [25]. A study of immu
nization rates among PWH at the University of Nebraska Medical Center 
HIV clinic had similar findings. The authors found that CD4 ≤ 200 cell/ 
µl (adjusted OR 9.44, 95 % CI 2.14–41.57) was associated with not being 
up to date with all vaccinations in a multivariable analysis [23]. Given 
the preponderance of additional HAV risk factors in our population, the 
fact that HIV has been identified as a risk factor for HAV infection, and 
that even 2 years after care entry the majority of these patients remain 
unvaccinated, we propose that vaccinating upon entry to care, just like 
ART initiation, should not be delayed. This recommendation is in 
accordance with the ACIP recommendations that state HAV vaccination 
should not be delayed until the CD4 count reaches a particular threshold 
because of the sustained risk for HAV exposure created by missed 
vaccination opportunities [1]. 

Table 7 
Univariable Cox proportional hazards regression for time to completing 2 hep
atitis A vaccinations.   

Hazards ratio 95 % C.I. p value 

Race/Ethnicity    0.164 
White Reference   
Black 0.74 0.56–0.97  0.032 
Hispanic 0.88 0.60–1.31  0.538 
Other 0.79 0.25–2.51  0.686 
Age category    0.005 
30–50 years Reference   
<30 years 1.20 0.93–1.54  0.165 
>50 years 1.59 1.20–2.12  0.001 
Female at birth 1.06 0.85–1.33  0.618 
Transgender 2.77 1.14–6.69  0.024 
MSM 1.31 1.06–1.63  0.014 
Injection drug use 1.14 0.74–1.76  0.543 
Substance use    0.004 
None Reference   
Yes, active 0.56 0.39–0.80  0.001 
Yes, not active 1.05 0.79–1.40  0.728 
Chronic hepatitis B 0.75 0.44–1.28  0.292 
Chronic hepatitis C 1.42 0.83–2.42  0.203 
HIV VL ≥ 200 copies/ml 0.74 0.57–0.97  0.027 
CD4 ≥ 200 cells/µl 2.55 1.96–3.32  <0.001 
Entered care 2015–2018 0.74 0.58–0.95  0.016 
Previous care elsewhere 0.88 0.70–1.11  0.271 
More than 1 risk factor* 1.09 0.83–1.42  0.550 

MSM = men who have sex with men. 
VL = viral load. 

* risk factors considered here are those listed in Table 2. 

Table 8 
Multivariable Cox proportional hazards regression for time to completing 2 
hepatitis A vaccinations.   

Hazards ratio 95 % C.I. p value 

Age category    0.037 
30–50 years Reference   
<30 years 0.99 0.74–1.31  0.922 
>50 years 1.47 1.08–1.99  0.014 
MSM 1.35 1.06–1.73  0.015 
Transgender 2.24 0.82–6.12  0.115 
Substance use    0.009 
None Reference   
Yes, active 0.57 0.40–0.82  0.003 
Yes, not active 1.01 0.76–1.35  0.934 
HIV VL ≥ 200 copies/ml 0.89 0.67–1.18  0.403 
CD4 ≥ 200 cells/µl 2.52 1.89–3.37  <0.001 
Entered care 2015–2018 0.81 0.62–1.06  0.125 

MSM = men who have sex with men. 
VL = viral load. 
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It is not clear why age > 50 compared to 30–50 was associated with 
receipt of 2 HAV vaccines. It may be that older patients in our clinic may 
have been more likely to accept the vaccine or may have been more 
informed about the risk of HAV infection. Other studies that evaluated 
the effect of multiple patient factors on immunization recommendation 
adherence among PWH, did not find age to be a significant predictor 
[20,23]. One study found that younger age (18–29 years, as opposed to 
other age groups) was associated with HAV vaccination among PWH 
who are MSM or who inject drugs [22]. We did not observe an associ
ation between age and time to hepatitis B vaccine immunization series 
completion in a similar study conducted in our clinics [25]. 

Delayed HAV vaccination among persons with active substance use 
disorders may be due to the substance use disorder affecting follow-up 
and socioeconomic barriers. Immunization rates among people with 
substance use disorders has been found to be lower than rates among the 
general population for multiple vaccines [26–28]. We observed that 
patients with an active substance use disorder history had a significantly 
longer time to completion of hepatitis B vaccination than those with no 
substance use history in a study conducted during the same timeframe in 
our clinics [25]. Strategies to increase immunization rates among people 
who inject drugs include factors of convenience, such as having immu
nizations available on site and incentives, such as payment for 
completing vaccinations [29]. 

Strengths of our study include a large and diverse patient population 
and the multivariable analysis of factors associated with vaccination. 
Prior studies evaluated HAV vaccine rates among persons with HIV who 
had other risk factors for HAV infection, apart from HIV. Our study is 
among the first to report HAV immunization rates among all PWH, 
regardless of other risk factors for HAV acquisition or severe infection. 
Another strength of our study was that we utilized Cox proportional 
hazards regression, allowing patients who were lost to follow-up to be 
included in the analysis. 

Our study included several limitations. The retrospective design may 
have resulted in incomplete data capture. We were not able to include 
the risk factors of homelessness or chronic liver disease due to etiologies 
other than hepatitis B and C viral infections. Another limitation is that 
the study population included patients receiving care at two large 
county HIV clinics in Houston, Texas, and may not be generalizable to 
other PWH populations. Our study evaluated receipt of HAV vaccines, 
rather than providers’ vaccine orders. We evaluated receipt of at least 1 
or 2 HAV vaccine doses, but we did not collect data on completion of the 
vaccine series. Persons who received combined HAV-HBV vaccines 
(52.6 % of patients in our study) need to complete three doses in order to 
have completed the full immunization series. 

It is critical to understand the factors that have led to immunization 
gaps in the study population so we can find solutions to barriers and 
improve immunization rates. Provider barriers may include lack of 
knowledge of immunization recommendations, concerns about vaccine 
efficacy, inadequate time to address immunizations during clinic visits, 
and lack of strong provider recommendation during clinic visit [30,31]. 
Patient barriers may include missed clinic visits [23], multiple vaccines 
needed at the same time, patient vaccine hesitancy related to lack of 
concern about vaccine-preventable diseases, fear of side effects, and 
inconvenience of vaccine visits. System barriers may include cumber
some EMR vaccine orders, lack of EMR vaccination prompts, lack of 
interoperability between state immunization registries and EMR, and 
clinic visits not coinciding with vaccination due dates. In some studies, 
standing order sets for vaccines [32–34], provider notification of rec
ommended immunizations [34], and immunization recall and reminder 
systems have led to improvements in immunization rates [35–37]. A 
prior systematic review of 12 interventions recommended by the Com
munity Preventive Services Task Force to increase vaccination coverage 
found that reminder systems, either for providers or clients, were among 
the lowest cost to implement and the most cost effective for increasing 
the number of persons being vaccinated [38]. We hypothesize that HAV 
vaccination is being overlooked in our clinics due to competing needs for 

other immunizations and other priorities at clinic visits. Vaccines are 
available in our clinics and immunizations can be given on site. Ensuring 
that an anti-HAV IgG test in checked at the time of entry to care and 
electronic record reminders for HAV vaccination all our patient with 
HIV who have a negative anti-HAV IgG may be a low-cost intervention 
to increase HAV vaccine rates among our clinics. Our study highlights an 
opportunity to study barriers to immunization and evaluate which 
strategies may work best to improve HAV immunization rates among 
our clinics. 
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