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Objectives: The aim of this study was to evaluate the impact of various factors that may influence the
immunologic response to hepatitis A mono-vaccine or hepatitis A/B co-vaccine (Twinrix�) in HIV-
infected patients.
Design: Retrospective cross-sectional study.
Methods: HIV positive patients with a full course of hepatitis A vaccine were tested for HAV antibodies.
The seroconversion rates were determined, and the influence of several factors including CD4 cell counts,
CD4/CD8 ratio, plasma viral load, type of vaccine, and antiretroviral therapy at the time of vaccine, was
evaluated.
Results: After vaccination, 80.2% of the patients developed anti-HAV antibodies, 81.5% in the mono-
vaccine group and 79.2% in the hepatitis A/B co-vaccine group. In the mono-vaccine group, factors signif-
icantly associated with a better response to the vaccine were higher CD4 cell count, higher CD4/CD8 ratio,
and shorter time interval from vaccine to serological control. In patients who received the hepatitis A/B
co-vaccine, younger age and female sex were significantly associated with better vaccine response.
Multivariable logistic regression analysis revealed time interval from vaccine to serological control of
more than 5 years vs. less than 1 year to be significantly associated with decrease of seroconversion after
HAV vaccine.
Conclusions: The response to hepatitis A vaccine is impaired in HIV positive patients. HIV patients, at least
those older than 30, should be tested for seroconversion after receiving the hepatitis A vaccine. As hep-
atitis A titers may rapidly decline, control serology during follow-up should be proposed, possibly within
two years. However, vaccine type does not play a role in vaccine response.

� 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Although hepatitis A virus (HAV) infections are typically self-
limiting, vaccination is recommended for all HIV-infected patients
without anti-HAV antibodies who are at increased risk of HAV
infection or at risk of severe disease. It is also recommended for
intravenous drug users, hemophiliacs receiving plasma-derived
concentrates, travelers to endemic areas, and men who have sex
with men [1–5]. Immunization with a single dose of the monova-
lent hepatitis A vaccine leads to HAV antibody seroconversion rates
of 80–100% in healthy volunteers, with response rates rising to 98–
100% after completion of a vaccine series [6]. Similar results have
been shown for the combined hepatitis A and B vaccine (Twinrix�)
and other HAV combination vaccines [6–8]. Although various stud-
ies conclude that the monovalent hepatitis A vaccination is gener-
ally safe and well tolerated in HIV patients and has no effect on the
course of HIV infection, the data on efficacy are conflicting [9–12].
Numerous studies point to impaired responses to the hepatitis A
vaccine among HIV-infected patients, especially those with CD4+
T cells below 500/ml. Seroconversion rates and antibody titers have
regularly been found to be lower in HIV patients than in healthy
subjects and range between 48.5% and 94% [10–16]. These lower
seroconversion rates are of clinical significance since acute hepati-
tis A occurs in HIV patients even after complete vaccination against
HAV [2,17]. One factor that has not been well studied is the
response rate of HIV-patients after administration of Twinrix�,
which contains a lower hepatitis A dose than Havrix� (720
enzyme-linked immunosorbent assay (ELISA) units compared to
1440 ELISA units) [18,19].

The aim of this study was to evaluate the impact of various fac-
tors on the immunologic response to hepatitis A vaccination,
monovalent and hepatitis A/B co-vaccine (Twinrix�), in HIV-
infected patients.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2019.02.064&domain=pdf
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2. Patients and materials

This retrospective cross-sectional study was conducted on HIV
positive patients attending care at the University of Rostock Med-
ical School. The study was approved by the Ethics Committee of the
University of Rostock Medical School (A 2018-0021) and patients
gave written consent.

HIV-positive patients older than 18 years were included in the
study if they had received a documented primary series of hepatitis
A vaccination after being diagnosed HIV positive, and had had neg-
ative antibodies for HAV measured before vaccination. Post-
vaccination measurement of anti-HAV was carried out during the
regular appointments in the outpatient department from Septem-
ber 2017 to June 2018 using a chemiluminescence immunoassay
(HAV Ab-IgG, HAV Ab-IgM; ARCHITECT, Abbott). According to the
manufacturer, a positive test entailed an antibody cut-off >1.0.
Patients who received the hepatitis A/B co-vaccine (Twinrix�) were
also tested for anti-HBs antibodies, with an antibody cut-off
>10 IU/ml considered to be a positive titer.

Patients who had not had HAV antibodies measured both prior
to and after administration of the vaccine, those who had HAV
antibodies without prior vaccination, those on whom data was
missing or unavailable, those who received an incomplete primary
series of hepatitis A vaccination, and those who had already
received a booster vaccination after a complete series of HAV vac-
cination were excluded from the study. The data was extracted by
reviewing both electronic medical records and paper charts. In
addition to seroconversion rates, extracted data included patient
demographics, CD4 cell counts at baseline [absolute (cells/ml) and
relative (in %)], CD4/CD8 ratio at baseline, HIV plasma viral load
at baseline, type of vaccine administered, and antiretroviral ther-
apy at the time of the first vaccine dose.

Since several assays with different sensitivity thresholds were
used to measure HIV RNA throughout the study period, viral sup-
pression was defined as a viral load of 50 copies/ml. Vaccines were
administered intramuscularly in the deltoid muscle. Patients with
preexisting hepatitis B virus immunity received 2 doses of an HAV
mono-vaccine (Vaqta� containing 50 E, HAV-Pur� containing at
least 24 IE, or Havrix� containing 1440 ELISA units of hepatitis A
virus antigen), and patients lacking immunity to both viruses were
given 3 doses of Twinrix� (HAV/HBV co-vaccine, containing 720
ELISA units of hepatitis A virus antigen and 20 mg of hepatitis B sur-
face antigen).
3. Statistical analysis

Data are expressed as frequencies or proportions (%) for cate-
gorical variables, and median and quartiles (Q1 and Q3) for quan-
titative variables. Categorical data were analysed in 2 � 2
contingency tables for univariate comparisons and tested for sta-
tistical significance with Fisher’s exact test, or in 2 � 3 contingency
tables and tested with the chi-squared test. Differences in means
between hepatitis A vaccine responders and non-responders, and
between patients vaccinated with monovalent vaccine and biva-
lent vaccine were compared using the t-Test (or Mann-Whitney
U test for non-normal distributions). Candidates associated with
response to vaccination were analysed using a binary logistic
regression analysis. Odds ratios (OR) are given with their respec-
tive 95% confidence intervals (CI) and the p-values for OR = 1. Vari-
ables presumed to have a potential association with the outcome
variable response/non-response in the univariate model (p-
value < 0.2) were assessed jointly in a multiple approach. The fac-
tor ‘‘vaccine” was additionally included to control for treatment.
Adjusted ORs (ORadj) and their 95% CIs and p-values are given here.
P-values � 0.05 were considered significant. Analyses were per-
formed using either Prism� software (GraphPad Corp., San Diego,
CA, USA) or SPSS� v.23 (IBM Corp., Armonk, NY).
4. Results

Of the 340 patient charts reviewed, 131 met the inclusion crite-
ria. Of the 209 patients excluded, 60 had received a prior HAV vac-
cine, 124 patients were already positive for HAV antibodies (in 31
of whom it was not possible to establish whether through prior
vaccine or infection), and another 25 patients did not meet the cri-
terion of having received a complete hepatitis A vaccine.

Of the 131 eligible patients, 77 (58.8%) had been vaccinated
with HAV/HBV co-vaccine, and 54 (41.2%) with the HAV mono-
vaccine. Hundred and ten (84%) patients were male, and 21 (16%)
were female, all coming from Europe. The median age of the pop-
ulation studied was 37 years ranging from 18 to 68 years (HAV
mono-vaccine: 18–65 years; HAV/HBV co-vaccine: 21–68 years;
p = 0.031). The median baseline CD4 cell count and HIV RNA level
were 490 cells/ml (Q1-Q3 350 – 680 cells/ml) and 66 copies/mL (Q1-
Q3 50–22400 copies/mL), respectively. 62 patients (47.3%) were
virologically suppressed at the time of the first HAV vaccine. The
median time between last vaccine and serological control was
865 days and ranged from 17 to 6581 days (HAV mono-vaccine:
23–6581 days; HAV/HBV co-vaccine: 17–6031 days; p = 0.646).
The baseline characteristics of the patients are shown in Table 1.
Beside HIV, no other immunosuppressive conditions were seen at
time of vaccination.

Overall, 80.2% of the HIV patients developed anti-HAV antibod-
ies after vaccination, 81.5% in the HAV mono-vaccine group and
79.2% in the HAV/HBV co-vaccine group (p = 0.826). In the mono-
vaccine group, factors significantly associated with response to
the vaccine were absolute CD4 cell count (p = 0.003), CD4/CD8
ratio (p = 0.032), and time interval from vaccine to serological con-
trol (p = 0.016). In contrast, in patients who received the HAV/HBV
co-vaccine, only age and sex were significantly associated with
vaccine response (p = 0.043 and p = 0.033 respectively) (Table 2).

In those patients in whom HAV antibodies were tested within a
year of vaccination the seroconversion rate reached 88.9%, 94.4% in
the mono-vaccine group and 85.2% in the HAV/HBV co-vaccine
group (p = 0.634). Taking both groups together, factors signifi-
cantly associated with response to the vaccine were higher relative
CD4 cell counts (23.5% vs. 13%, p = 0.013) and higher CD4/CD8 ratio
(0.43 vs 0.21, p = 0.014). Since only one patient did not respond in
the HAV mono-vaccine group statistical analysis was not appropri-
ate. However, this patient had lower CD4 cell counts (absolute and
relative), a lower CD4/CD8 ratio, and a higher viral load than those
who responded to the vaccine. In those patients who received the
HAV/HBV co-vaccine, non-responders were older and had a lower
CD4/CD8 ratio than responders. However, the difference was not
statistically significant (Supplemental Table 1).

Patients whose titers were checked within a year of vaccination
were significantly more frequently seropositive than those checked
more than 5 years after vaccination [88.9% (40/45) vs. 66.6%
(20/30); p = 0.037]. This difference was highly significant within
the mono-vaccine group [94.4% (17/18) within first year vs.
37.5% (3/8) � 5 years; p = 0.005], but not in patients vaccinated
with HAV/HBV co-vaccine [85.2% (23/27) within first year vs.
77.3% (17/22) � 5 years; p = 0.713].

Factors potentially associated with response to hepatitis A vac-
cine (Table 2) were assessed in a logistic regression analysis. Mul-
tivariable regression analysis revealed time between vaccine and
titer control to be the only significant factor. The chance to have
positive antibody titers after vaccination was significantly lower
for patients whose titers were checked after more than 5 years



Table 1
Study population characteristics by type of hepatitis A virus vaccine.

Characteristics Total
n = 131 (100%)

HAV mono-vaccine
n = 54 (41.2%)

HAV/HBV co-vaccine
n = 77 (58.8%)

p-value

Age, y 37 (29–48) 31 (25–46) 39 (31–48) 0.031
Sex, male 110 (84%) 49 (44.5%) 61 (55.5%) 0.093
female 21 (16%) 5 (23.8%) 16 (76.2%)
CD4 cell count/ml at vaccination 490 (350–680) 535 (375–713) 440 (325–670) 0.095
CD4 cell count in % at vaccination 24 (18–32) 26 (20–31) 24 (18–32) 0.144
CD4 cell count < 200/ml 10 (7.6%) 3 (30.0%) 7 (70.0%) 0.195
CD4 cell count 200–499/ml 58 (44.3%) 20 (34.5%) 38 (65.5%)
CD4 cell count > 500/ml 63 (48.1%) 31 (49.2%) 32 (50.8%)
CD4/CD8 ratio at vaccination 0.47 (0.29–0.77) 0.49 (0.32–0.80) 0.45 (0.27–0.74) 0.337
HIV RNA copies/ml at vaccination 66 (50–22400) 187 (50–25500) 50 (50–7398) 0.06
HIV RNA � 50 copies/ml 62 (47.3%) 32 (51.6%) 30 (48.4%) 0.021
HIV RNA � 1000 copies/ml 50 (38.2%) 16 (32.0%) 34 (68.0%) 0.092
cART at vaccination 88 (67.2%) 41 (46.6%) 47 (53.4%) 0.09
Interval between first and last dose, d 214 (180–293) 216 (185–333) 214 (179–290) 0.917
0–6 months 34 (26.0%) 11 (32.4%) 23 (67.6%) 0.453
>6 months–1 year 73 (55.7%) 33 (45.2%) 40 (54.8%)
>1 year 24 (18.3%) 10 (41.7%) 14 (58.3%)
Interval between last vaccine dose and control, d 865 (191–1634) 782 (184–1170) 897 (199–2013) 0.646
0–1 year 45 (34.4%) 18 (40.0%) 27 (60.0%) 0.109
>1–5 years 56 (42.7%) 28 (50.0%) 28 (50.0%)
>5 years 30 (22.9%) 8 (26.7%) 22 (73.3%)

HAV = hepatitis A; HBV = hepatitis B; y = year; d = days; cART = combined antiretroviral therapy.
Categorical variables are shown as frequencies (percentages) and continuous values as medians (Q1-Q3).
p-values for comparison of HAV mono-vaccine vs. HAV/HBV co-vaccine groups.

Table 2
Baseline characteristics of patients by response to hepatitis A vaccines.

Characteristics Total
N = 131

HAV mono-vaccine
N = 54

HAV/HBV co-vaccine
N = 77

Responders
N = 105
(80.2%)

Nonresponders
N = 26 (19.8%)

p-
value

Responders
N = 44
(81.5%)

Nonresponders
N = 10 (18.5%)

p-
value

Responders
N = 61
(79.2%)

Nonresponders
N = 16 (20.8%)

p-
value

Age, y 35 (28–47) 42 (32–49) 0.055 30 (25–48) 34.5 (30–42) 0.300 37 (29–47) 47 (38–49) 0.043
Sex
Female 20 (95.2%) 1 (4.8%) 0.074 4 (80.0%) 1 (20.0%) 1.000 16 (100.0%) – 0.033
Male 85 (77.3%) 25 (22.7%) 40 (81.6%) 9 (18.4%) 45 (73.8%) 16 (26.2%)
CD4 cell count/ml at vaccination 510 (350–

710)
455 (358–590) 0.171 580 (460–

788)
355 (188–498) 0.003 440 (290–

680)
490 (380–
667.5)

0.390

CD4 cell count (%) at vaccination 25 (19–32.5) 22.5 (13–28) 0.035 26.5 (21–32) 19 (11.8–28.8) 0.063 24 (18–33) 23 (14–28) 0.288
CD4 cell group
CD4 cell count < 200/ml 6 (60.0%) 4 (40.0%) 0.134 1 (33.3%) 2 (66.7%) 0.009 5 (71.4%) 2 (28.6%) 0.815
CD4 cell count 200–499/ml 45 (77.6%) 13 (22.4%) 14 (70.0%) 6 (30.0%) 31 (81.6%) 7 (18.4%)
CD4 cell count > 500/ml 54 (85.7%) 9 (14.3%) 29 (93.5%) 2 (6.5%) 25 (78.1%) 7 (21.9%)
CD4/CD8 ratio at vaccination 0.48 (0.31–

0.82)
0.42 (0.2–0.56) 0.038 0.54 (0.33–

0.82)
0.37 (0.18–
0.53)

0.032 0.46 (0.29–
0.79)

0.44 (0.21–
0.69)

0.349

HIV RNA copies/ml at vaccination 66 (50–
22650)

101 (50–
23025)

0.843 50 (50–
10333)

50 (50–14460) 0.476 149 (50–
28850)

847 (50–
24275)

0.543

HIV RNA at vaccination < 50 copies/ml 51 (82.3%) 11 (17.7%) 0.663 25 (78.1%) 7 (21.9%) 0.501 26 (86.7%) 4 (13.3%) 0.256
HIV RNA at vaccination > 1000 copies/

ml
40 (80.0%) 10 (20.0%) 1.000 14 (87.5%) 2 (12.5%) 0.704 26 (76.5%) 8 (23.5%) 0.778

cART at vaccination 71 (80.7%) 17 (19.3%) 0.819 33 (80.5%) 8 (19.5%) 1.00 38 (80.9%) 9 (19.1%) 0.775
Interval between first and last vaccine

dose, d
222 (61–
300)

202 (169–298) 0.212 232 (185–
352)

204 (177–273) 0.436 219 (180–
284)

195 (168–315) 0.327

0–6 months 25 (73.5%) 9 (26.5%) 0.527 9 (81.8%) 2 (18.2%) 0.726 16 (69.5%) 7 (30.5%) 0.347
>6 months–1 year 60 (82.2%) 13 (17.8%) 26 (78.8%) 7 (21.2%) 34 (85.0%) 6 (15.0%)
>1 year 20 (83.3%) 4 (16.7%) 9 (90.0%) 1 (10.0%) 11 (78.6%) 3 (21.4%)
Interval between last vaccine dose and

control, d
587 (180–
1282)

1198 (525–
2660)

0.010 562 (136–
1077)

2025 (772–
3786)

0.016 589 (187–
1909)

1099 (255–
2250)

0.261

0–1 year 40 (88.9%) 5 (11.9%) 0.061 17 (94.4%) 1 (5.6%) 0.002 23 (85.2%) 4 (14.8%) 0.626
>1–5 years 45 (80.4%) 11 (19.6%) 24 (85.7%) 4 (14.3%) 21 (75.0%) 7 (25.0%)
>5 years 20 (66.7%) 10 (33.3%) 3 (37.5%) 5 (62.5%) 17 (77.3%) 5 (22.7%)

HAV = hepatitis A; HBV = hepatitis B; y = year; d = days; cART = combined antiretroviral therapy.
Categorical variables are shown as frequencies (percentages) and continuous values as medians (Q1-Q3).
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compared to those whose titers were checked within 1 year after
vaccination (ORadj = 0.185, 95%CI 0.052–0.661, p = 0.009). Patients
older than 30 years seemed to respond less to the vaccine than
younger ones (ORadj = 0.317, 95%CI 0.087–1.12, p = 0.072)
(Table 3).
Among the patients who received the HAV/HBV co-vaccine,
only 48.7% (37) seroconverted for hepatitis B (HBV). Of the HAV
responders, 55.7% responded to HBV (34 of 61), while only 18.8%
(3 of 16) HAV non-responders seroconverted for HBV (p = 0.011).
Factors significantly associated with anti-HBs seroconversion were



Table 3
Multivariable analysis of factors associated with response to hepatitis A vaccine. *Reference.

Potential factors associated with response Unifactorial model Multiple model

Unadjusted OR 95% CI p-value Adjusted OR 95% CI p-value

Interval between last vaccine and titer control 0.054 0.034
1-5ys vs. < 1y* 0.499 0.160–1.56 0.231 0.356 0.107–1.19 0.093
>5ys vs < 1y* 0.232 0.070–0.772 0.017 0.185 0.052–0.661 0.009
Age

>30 ys vs � 30 ys*
0.308 0.994–0.959 0.042 0.312 0.087–1.12 0.075

Sex
Male vs Female*

0.170 0.022–1.33 0.091 0.235 0.027–2.01 0.186

CD4%
>24% vs. � 24%*

0.481 0.197–0.959 0.109 1.90 0.726–5.98 0.191

Vaccine
HAV/HBV co-vaccine vs. HAV mono-vaccine*

0.866 0.359–2.09 0.750 1.29 0.465–3.56 0.628

OR = odds ratio.
y/ys = year/years.
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younger age (p = 0.003), female sex (p = 0.032), and HIV RNA below
50 copies/ml (p = 0.016) (Supplemental Table 2).
5. Discussion

Both, HAV mono-vaccine and HAV/HBV co-vaccine are well tol-
erated, with seroconversion rates of 98–100% in healthy volunteers
[6,7]. However, seroconversion rates in HIV patients are signifi-
cantly lower, ranging from 48.5 to 94%, and most studies have
focused on HAV mono-vaccines only [16,20–22].

In our cohort, the overall seroconversion rate for the HAVmono-
vaccine and HAV/HBV co-vaccine was 80.2%. This is better than that
obtained in a study in HIV patients from 2013 where Havrix� and
Twinrix� were compared and the overall seroconversion rate only
reached approximately 53% [19]. The reason for a higher serocon-
version rate in our study might have been the exclusion of patients
with an incomplete vaccination series. In childrenwith HIV or other
immunosuppressive conditions, the seroconversion rate for HAV
after the HAV/HBV co-vaccine Ambirix� has been found to be 99%
[23]. In contrast to our study, that latter was a prospective study,
and serological testing was consistently performed 4 to 6 weeks
after the last vaccine dose. In our cohort, on the other hand, the
median time between completion of the HAV/HBV co-vaccine ser-
ies and serological testing was approximately 2 years (897 days).
In those cases in our cohort in which serological testing was per-
formed within a year of vaccination, the seroconversion rate
reached 94% for the HAV mono-vaccine and 85% for the HAV/HBV
co-vaccine. This difference was not statistically significant, and
comparable to the results of other studies [20,23,24].

Various factors have been discussed as potentially having an
influence on the seroconversion rate after HAV vaccine, including
CD4 cell counts, CD4/CD8 ratio, viral load, hepatitis C coinfection,
and sex, but the results to date have been conflicting [15,16,19,22].

In our cohort, the univariate model revealed CD4 cell counts
(absolute and relative), CD4/CD8 ratio, sex, age, and time between
last vaccine and serological testing to be factors that significantly
affected the response to the vaccine. Age and sex were only signif-
icantly associated with seroconversion in patients who received
the HAV/HBV co-vaccine, and CD4 cell counts, CD4/CD8 ratio and
time interval between last vaccine and serological testing were
significant factors for patients that received the HAV mono-
vaccine. With regard to sex as an influencing factor, the results
were inconsistent. While two studies have shown female sex to
be associated with a better response [15,16], one study found male
sex to be associated with a better response [25]. In our cohort,
female sex was associated with a better response in the HAV/
HBV co-vaccine group and no difference was detected in antibody
response between men and women following HAV mono-vaccine.
Interestingly, CD4 cell count, CD4/CD8 ratio and time between vac-
cine and serological testing were only significant factors in the
HAV mono-vaccine group. This association is consistent with other
studies in which CD4 cell counts and CD4/CD8 ratio significantly
influenced seroconversion after HAV mono-vaccine [15,19,22,26].
It is not clear, why - in contrast to the HAV mono-vaccine group
– in the HAV/HBV co-vaccine group non-responders had similar
CD4 cell counts (absolute and relative) compared to responders.
One explanation might be the significantly older age of the non-
responders, resulting in an immunosenscence with a poorer anti-
body response despite similar CD4 cell counts [27].

Conflicting data exist on whether viral suppression increases
the likelihood of seroconversion after vaccination against HAV
[15,16]. In several studies viral suppression (viral load below 400
copies/ml) was an important predictor of seroconversion
[16,19,28]. In our cohort, however, this was not the case, which
is in agreement with another study from Greece, where viral load
had no influence on seroconversion after hepatitis A vaccine [26].

Several studies revealed sex, viral load > 1000 copies/ml, CD4
cell count < 200/ml, CD4/CD8 ratio, and HCV co-infection to be sig-
nificantly associated with decrease of antibody response
[15,16,22]. In our cohort, multivariable analysis revealed only time,
especially of more than 5 years between vaccination and serologi-
cal testing to be a factor that significantly influence seroconver-
sion. Age is a crucial factor that influences the immunogenicity
of vaccines. In elderly individuals, immunosenescence combined
with the progressive increase of a proinflammatory status charac-
teristic of the aging process are responsible for most age-related
diseases and correlate with poor response to vaccination [27].
HIV-associated immune activation is characterized by an increase
in proinflammatory mediators, dysfunctional T regulatory cells,
and a pattern of T-cell-senescent phenotypes similar to those seen
in the elderly [29]. This might explain our finding that age over
30 years, even though not significant, seems to be associated with
a decrease of antibody response.

However, vaccine type (HAV mono-vaccine or HAV/HBV co-
vaccine) has no significant impact on the seroconversion rate for
HAV antibodies confirming the results of a study by Jimenez
et al. in which seroconversion rates for Havrix� and Twinrix� were
similar [19].

Data on the durability of HAV vaccine in HIV patients is scarce
and mainly available for the monovalent HAV vaccine. Between
75% and 88% of patients vaccinated with the HAV mono-vaccine
have been reported to have positive HAV antibody titers 5–
10 years after vaccination [20,24,30]. We did not test longitudi-
nally in our cohort, making it difficult to interpret results obtained
from non-responders tested more than 5 years after vaccination, as
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it was not clear whether these patients had lost their protective
antibody titers over time or failed to develop these in the first
place. However, in the subgroup of patients tested within a year
of vaccination, 89% had positive HAV titers � 94.4% in the HAV
mono-vaccine group and 85.2% in the HAV/HBV co-vaccine group,
which is similar to other studies [20,24,30]. Among those patients
serologically tested 5 years or more after vaccination, 66.6%
(10/30) had positive titers � 37.5% (3/8) in the HAV mono-
vaccine group and 77.3% (17/22) in the HAV/HBV co-vaccine group.
This almost significant difference between the mono-vaccine
group and the HAV/HBV co-vaccine group (37.5% vs 77.3%,
p = 0.078) remains unclear, but might be explained by the small
number of patients in these groups, especially in the HAV mono-
vaccine group. In a large study on HAV mono-vaccine in more than
2000 HIV patients, approximately 7% of patients with CD4
cells < 350/ml lost their antibodies after a median time of 611 days
after the first dose of vaccine. Patients who lost the HAV antibodies
after vaccination were less likely to have achieved HIV viral sup-
pression, and had a lower median CD4 cell count at vaccination,
than those who were able to maintain seroresponses after vaccina-
tion [31]. This median time of 611 days is consistent with our find-
ing, that serological control five years after vaccination is
associated with a negative antibody titer after vaccination, either
due to nonresponse or to loss of antibodies after primary response.
In a smaller study with viremic HIV patients, only 88% responded
with development of HAV antibodies after an accelerated HAV/
HBV co-vaccine, and antibodies waned over time until week 24
after vaccination. Like in our cohort, there was no association
between CD4 cell count and antibody response, but age was inver-
sely correlated with HAV antibody titers at week 24 [32].

With regard to the HBV seroconversion rate, our results are in
agreement with those of various other studies in which serocon-
version rates among adults range between 17.5% and 90% [33–
35]. As in other studies, non-responders in our cohort were more
likely to be older and to have lower CD4 cell counts. We found a
suppressed HIV viral load to be associated with a better response
to vaccine, which again is in agreement with other studies [34,35].

Several limitations of our study need to be mentioned. Unbal-
anced groups as shown here for both age and HIV RNA below 50
copies/ml occur frequently in cross-sectional studies. Since
patients with preexisting HBV immunity receiving HAV mono-
vaccine may have better immunity in general than those without
preexisting immunity, our investigations concerning HAV mono-
vaccinated group may be biased towards better immunity. How-
ever, the proportion of non-responders after 5 years of vaccination
was higher in the HAV mono-vaccine group. We were not able to
draw conclusions about the durability of the vaccine since no base-
line titers after a primary series of vaccinations were available as
longitudinal data. Since the rate of hepatitis C co-infection was
rather low in our cohort we did not analyze these subjects sepa-
rately, although it has been shown that HCV co-infection is associ-
ated with a lower probability of response to the vaccine [15,20,21].

Furthermore, the antibody titer is only a surrogate marker of
protection against HAV infection, the vaccine efficacy was not eval-
uated in this study.
6. Conclusion

The response to the hepatitis A vaccine is impaired in HIV pos-
itive patients. As a result, HIV patients, especially those older than
30, should be tested for seroconversion after receiving the hepatitis
A vaccine. As hepatitis A titers may rapidly decline, control serol-
ogy during follow-up should be proposed, possibly within two
years. However, vaccine type (HAV mono-vaccine or HAV/HBV
co-vaccine) does not seem to influence vaccine response.
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