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Abstract Background: Real-world vaccine effectiveness following the third dose of vaccina-
tion against SARS-CoV-2 remains less investigated among people with HIV (PWH).
Methods: PWH receiving the third dose of BNT162b2 and mRNA-1273 (either 50- or 100-mg)
were enrolled. Participants were followed for 180 days until the fourth dose of COVID-19 vacci-
nation, SARS-CoV-2 infection, seroconversion of anti-nucleocapsid IgG, death, or loss to follow-
up. Anti-spike IgG was determined every 1e3 months.
Results: Of 1427 participants undergoing the third-dose COVID-19 vaccination, 632 (44.3%)
received 100-mg mRNA-1273, 467 (32.8%) 50-mg mRNA-1273, and 328 (23.0%) BNT162b2 vaccine
and the respective rate of SARS-CoV-2 infection or seroconversion of anti-nucleocapsid IgG was
246.1, 280.8 and 245.2 per 1000 person-months of follow-up (log-rank test, p Z 0.28). Factors
associated with achieving anti-S IgG titers >1047 BAU/mL included CD4 count <200 cells/mm3

(adjusted odds ratio [aOR], 0.11; 95% CI, 0.04e0.31), plasma HIV RNA >200 copies/mL (aOR,
0.27; 95% CI, 0.09e0.80), having achieved anti-spike IgG >141 BAU/mL within 3 months after
primary vaccination (aOR, 3.69; 95% CI, 2.68e5.07), receiving BNT162b2 vaccine as the third
dose (aOR, 0.20; 95% CI, 0.10e0.41; reference, 100-mg mRNA-1273), and having previously
received two doses of mRNA vaccine in primary vaccination (aOR, 2.46; 95% CI, 1,75-3.45;
reference, no exposure to mRNA vaccine).
Conclusions: PWH receiving different types of the third dose of COVID-19 vaccine showed similar
vaccine effectiveness against SARS-CoV-2 infection. An additional dose with 100-mg mRNA-1273
could generate a higher antibody response than with 50-mg mRNA-1273 and BNT162b2 vaccine.
Copyright ª 2024, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection (COVID-19) continues to spread worldwide,
which has caused detrimental impacts on the access to
health-care system for the general population and people
with HIV (PWH).1,2 Previous studies have demonstrated that
PWH receiving two doses of COVID-19 vaccine could
generate good immune responses, which could confer
protection against SARS-CoV-2 infection.3e8 However,
waning immunity and breakthrough infections after the
completion of two-dose primary vaccination may occur,
especially in the emergence of B.1.1.529 (Omicron)
variant.9e12

There was a consensus that all PWH should receive the
full series of three doses of COVID-19 vaccine available
through approval or emergency use authorization by the
U.S. FDA, regardless of CD4 count or plasma HIV RNA load
(PVL).13e15 In addition, the U.S. CDC also announced that
people with advanced HIV infection or those who are not
taking antiretroviral therapy (ART) should get an additional
primary dose.16 However, the safety and effectiveness of
these vaccines are rarely investigated among PWH.

In Taiwan, national SARS-CoV-2 vaccination program was
implemented in the spring of 2021, when a community
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outbreak caused by the B.1.1.7 (alpha) variant took
place.17,18 For those who had received two doses of SARS-
CoV-2 vaccine, a booster dose was recommended six
months after the primary vaccination, including 50-mg
mRNA-1273 vaccine, 30-mg BNT162b2 vaccine and 15-mg
MVC-COV1901 vaccine.19e21 Moreover, an additional dose,
including 100-mg mRNA-1273 vaccine, 30-mg BNT162b2
vaccine, or 15-mg MVC-COV1901 vaccine, was also provided
free-of-charge to PWH one month after the primary dose by
following the recommendations of the World Health Orga-
nization.22,23 In this prospective, observational study, we
aimed to investigate the real-world effectiveness of COVID-
19 vaccination and their serological responses in PWH after
receiving the different types of the third doses of mRNA
COVID-19 vaccine.
Methods

Study population and setting

This prospective cohort study was conducted at the National
Taiwan University Hospital (NTUH) to include PWH aged 20
years or older who had been receiving HIV care as out-
patients. Those planning to receive the third dose of SARS-
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CoV-2 vaccine (either the additional primary dose or the
booster dose) between June 2021 and May 2022 were
enrolled. We only included PWH who received mRNA-1273
and BNT162b2 vaccine as the third dose in this study. De-
terminations of anti-SARS-CoV-2 spike (anti-S) IgG titers
were performed every one to three months, depending on
the out-patient appointments made for HIV care. All par-
ticipants were followed for 180 days until receipt of the
fourth dose of SARS-CoV-2 vaccine, occurrence of SARS-CoV-
2 infection, seroconversion of anti-N IgG, loss to follow-up,
or death, whichever occurred first. Those who had had a
history of confirmed SARS-CoV-2 infection were excluded. All
serum samples were also tested for anti-SARS-CoV-2 nucle-
ocapsid (anti-N) IgG and those tested positive at baseline or
during follow-up were excluded from the subsequent anal-
ysis. Medical information of the participants on the elec-
tronic medical records were reviewed, which included age,
gender, body mass index, date of vaccination, CD4 count and
PVL at vaccination, ART, and underlying diseases that might
interfere immune responses, such as type 2 diabetes mellitus
(DM), chronic kidney disease (CKD) of stage 3e5 (defined as
an estimated glomerular filtration rate less than 60 mL/min/
1.73m2), malignancy, autoimmune disease, and viral hepa-
titis. For the participants who were enrolled in our previous
study after two doses of SARS-CoV-2 vaccination, we also
retrieved the data of anti-S and anti-N level within 3 months
after they received the second dose of vaccination.11 The
study was approved by the Research Ethics Committee of the
hospital (NTUH 202106149RIND) and all participants gave
written informed consent.

Laboratory investigations

The procedure of determinations of serological responses
to vaccination was described in our previous study, which
analyzed the sequentially collected serum samples from
1189 PLWH who had undergone two homologous primary
vaccination.11 In brief, anti-S IgG in serum samples were
determined using SARS-CoV-2 IgG II Quant assay (Abbott,
Abbott Park, Illinois, U.S.A.), and an anti-S IgG titer greater
than 50 arbitrary units per milliliter (AU/mL) was consid-
ered positive. The mathematical relationship of the Abbott
AU/mL unit to WHO unit (binding antibody unit per mL
[BAU/mL]) was as follows: BAU/mL Z 0.142*AU/mL, ac-
cording to the manufacturer’s instruction. In addition, anti-
N IgG was determined using Elecsys� Anti-SARS-CoV-2 assay
(Roche, U.S.A), while an anti-N IgG titer higher than 1.0
cutoff index was considered reactive.

Outcome assessment

Primary end points included the acquisition of SARS-CoV-2
infection within 180 days after the participants had
received the third dose of SARS-CoV-2 vaccine. The history
of symptomatic infection was retrieved from the National
Notification System for Infectious Diseases, while asymp-
tomatic infection was defined as seroconversion of anti-N
IgG in the absence of clinical symptoms. We also analyzed
the serological responses within the first 16 weeks after the
third dose of SARS-CoV-2 vaccination because our previous
study has demonstrated that acquired immunity from
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primary SARS-CoV-2 infection waned within 4e7 months in
COVID-19 patients.24 In order to estimate the potential
vaccine effectiveness through antibody measurements,
cut-off value of 141, 1047, 6000 and 20000 BAU/mL of anti-
S IgG were used. Dimeglio et al. have demonstrated that an
anti-S antibody titer greater than 141 BAU/mL was associ-
ated with the presence of neutralizing antibodies through
the investigation of 8758 health-care workers.25 In addi-
tion, Stærke et al. demonstrated that those with an anti-S
IgG titer greater than 1,047 BAU/mL had a risk reduction of
0.71 for breakthrough infection with the B.1.617.2 (Delta)
variant, compared with those with an anti-S IgG titer less
than 59 BAU/mL.26 Moreover, Dimeglio et al. have demon-
strated that an anti-S IgG of 6000e20,000 BAU/mL provided
55.6% protection, and >20,000 BAU/mL provided 87.7%
protection against Omicron BA.1 infection.27

In order to speculate on the association between the
titer of anti-S IgG and acquisition of SARS-CoV-2 infection,
we compared the anti-S IgG determined 0e3 months after
the vaccination between those who acquired SARS-CoV-2
infection and those did not 3e6 months after the vaccina-
tion. IgG titers determined before the third dose of vacci-
nation and after the participants acquired SARS-CoV-2
infection remained excluded from analyses.

Statistical analysis

Categorical variables were compared between different
vaccination groups using Pearson’s chi-squared test and
Fisher’s exact test, while continuous variables were
analyzed using one-way ANOVA test. We used Cox propor-
tional hazards models to estimate the unadjusted and
adjusted hazard ratios (aHRs) for acquisition of SARS-CoV-2
infection among participants in different groups of vacci-
nation. Models were adjusted for CD4 count, PVL, different
SARS-CoV-2 vaccination and number of mRNA vaccination
exposure. A backward stepwise regression with removal
threshold of pZ 0.2 was used to select among covariates to
be included into the multivariable model. A two-tailed p
value less than 0.05 was considered statistically significant.

The geometric mean titers (GMTs) of SARS-CoV-2 anti-
spike IgG were calculated in log-transformed data for sta-
tistics. Antibody titers in log form after receiving different
vaccines were compared using Student’s t-tests at all time-
points. Anti-S IgG measurements at each clinic visit were
analyzed using generalized estimating equations (GEE) for
repeated measurements in the longitudinal follow-up. Lo-
gistic regression using the GEE approach was employed to
estimate the adjusted odds ratios (aORs) for those with
relatively low anti-spike IgG (<1,047, <6,000 or <20,000
BAU/mL) within 16 weeks of vaccination. All analyses were
performed using Stata/SE software, Version 17.0 (https://
www.stata.com).

Results

Participants

Between June 2021 and May 2022, 1556 PWH who were fol-
lowed at the HIV clinics of NTUH and planned to receive the
third dose of COVID-19 vaccinewere enrolled. After excluding

https://www.stata.com
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those with confirmed SARS-CoV-2 infection, positive anti-N
IgG at baseline or during follow-up, and receiving MVC-
COV1901 vaccine as the third dose, 1427 PWH who
completed the 3-dose vaccination were included for analysis,
including632 (44.3%)who received100-mgmRNA-1273vaccine
(Group1), 467 (32.7%) 50-mgmRNA-1273vaccine (Group2)and
328 (23.0%) BNT162b2 vaccine (Group 3) (Fig. 1).

Table 1 shows the clinical characteristics of included
PWH. The participants were predominantly male (97.6%)
with a median age of 40 years; 98.3% were virologically
suppressed (defined as having PVL <200 copies/mL) with
ART; and their median baseline CD4 count was 631 cells/
mm3. Overall, 1377 (96.5%) PLWH were receiving integrase
strand-transfer inhibitor-based antiretroviral regimens at
enrollment. There were no statistically significant differ-
ences in CD4 counts, PVL, and a history of type 2 DM, CKD,
malignancies, autoimmune disease, and viral hepatitis
among the three groups. The interval between the second
and third dose of SARS-CoV-2 vaccination of the partici-
pants of Group 1 (median, 79; interquartile range [IQR],
69e92) was shorter than those of Group 2 (106; IQR,
92e143) and 3 (91; IQR, 74e105) (p < 0.01).

Acquisition of new SARS-CoV-2 infection and
seroconversion of anti-N IgG

During the 180-day observation, 282 (19.8%) participants
were diagnosed as having SARS-CoV-2 infection while the
Figure 1. Stud
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other 92 (6.4%) participants were found to have anti-N IgG
seroconversion without obvious COVID-19-associated symp-
toms. In total, 374 cases of SARS-CoV-2 infection occurred,
with 115 (18.2%), 161 (34.5%), and 98 (29.9%) in each group,
resulting in an incidence rate of 246.1, 280.8 and 245.2
infections per 1000 person-months of follow-up (Fig. 1).
None of the enrolled PWH developed severe or critical
COVID-19. There were no statistically significant differences
in the infection rates among the three groups (log-rank test
for the three groups, p Z 0.28; Group 2 vs Group 1,
p Z 0.10; Group 3 vs Group 2, p Z 0.63; and Group 3 vs
Group 1, p Z 0.55) (Fig. 2). In the multivariable Cox
regression analysis among all included PWH, independent
factors associated with acquisition of SARS-CoV-2 infection
were an age older than 50 years (adjusted hazard ratio
[aHR], 0.58; 95% CI, 0.43e0.80) and HCV viremia acquired
within a year (aHR, 1.33; 95% CI, 1.02e1.72) (Table 2).

Evolution of anti-S IgG after the third dose of
vaccination

Among the participants who received the third dose of
SARS-CoV-2 vaccination, anti-S IgG continued to decline
regardless of the number of mRNA vaccines and the type of
the third vaccine received (Fig. 3). Participants receiving
BNT162b2 vaccine as the third dose tended to decline
faster than those receiving two different doses of mRNA-
1273 vaccine (p < 0.01 for data from day 29e56 and
y population.



Table 1 Baseline characteristics of the included participants. Group 1 represents the participants receiving 100-mg mRNA-
1273 vaccine, Group 2 receiving 50-mg mRNA-1273 vaccine and Group 3 receiving BNT162b2 vaccine as the third dose.

Total
(N Z 1427)

Group 1
(N Z 632)

Group 2
(N Z 467)

Group 3
(N Z 328)

p value

Age (IQR), years 40 (34e48) 40 (34e47) 41 (35e49) 39 (33e45) 1.00
Male gender, n (%) 1395 (97.8) 622 (98.4) 459 (98.3) 314 (95.7) 0.02
BMI >30 kg/m2, n (%) 126 (8.8) 54 (8.5) 44 (9.4) 28 (8.5) 0.86
HIV status

CD4 (IQR), cells/mm3 631 (476e813) 647 (477e806) 627 (487e833) 618 (466e800) 0.95
CD8 (IQR), cells/mm3 791 (611e1039) 787 (604e1066) 827 (631e1047) 757 (597e978) 0.16
CD4 <200 cells/mm3, n (%) 27 (1.9) 8 (1.3) 11 (2.4) 8 (2.4) 0.30
CD4 <350 cells/mm3, n (%) 137 (9.6) 56 (8.9) 47 (10.1) 34 (10.4) 0.69
CD4 <500 cells/mm3, n (%) 401 (28.1) 176 (27.9) 127 (27.2) 98 (29.9) 0.70
Median PVL, (IQR), log

copies/mL
0 (0e0) 0 (0e0) 0 (0e0) 0 (0e0) 0.37

PVL >20 copies/mL, n (%) 200 (14.0) 79 (12.5) 71 (15.2) 50 (15.2) 0.34
PVL >200 copies/mL, n (%) 24 (1.7) 7 (1.1) 12 (2.6) 5 (1.5) 0.17
cART, n (%)
INSTI-based 1377 (96.5) 609 (96.4) 456 (97.6) 312 (95.1) 0.16
NNRTI-based 50 (3.5) 24 (3.8) 11 (2.4) 15 (4.6) 0.21
PI-based 5 (0.4) 3 (0.5) 0 (0) 2 (0.6) 0.25
Comorbidities, n (%)
Type 2 DM 96 (6.7) 40 (6.4) 35 (7.5) 21 (6.4) 0.72
CKD stage IIIeV 78 (5.5) 33 (5.2) 30 (6.4) 15 (4.6) 0.49
Solid-organ cancer 32 (2.2) 14 (2.2) 13 (2.8) 5 (1.5) 0.50
Hematologic malignancy 28 (2.0) 11 (1.7) 11 (2.4) 6 (1.8) 0.75
Autoimmune disease 24 (1.7) 12 (1.9) 3 (0.7) 9 (2.7) 0.06
Concurrent systemic

steroid use
14 (0.1) 5 (0.8) 6 (1.3) 3 (0.9) 0.74

Chronic hepatitis B 157 (11.1) 67 (10.7) 52 (11.2) 38 (11.7) 0.90
Anti-HCV positivity 218 (15.4) 101 (16.1) 66 (14.3) 51 (15.6) 0.69
Receive two mRNA

vaccines as the primary
vaccination, n (%)

428 (30.0) 178 (28.2) 154 (33.0) 96 (29.3) 0.046

Receive no mRNA vaccine
as the primary
vaccination, n (%)

935 (65.5) 433 (68.5) 284 (60.8) 218 (66.5) 0.048

Interval between the
second and third dose
of SARS-CoV-2 vaccine
(IQR), days

90 (77e109) 79 (69e92) 106 (92e143) 91 (74e105) <0.001

Abbreviations: BMI, body-mass index; cART, combination antiretroviral therapy; CKD, chronic kidney disease; DM, diabetes mellitus;
HCV, hepatitis C virus; HIV, human immunodeficiency virus; INSTI, integrase strand-transfer inhibitor; IQR, interquartile range; NNRTI,
non-nucleoside reverse-transcriptase inhibitor; PI, protease inhibitor; PVL, plasma HIV RNA load.
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57e84); however, there were no significant differences of
anti-S IgG among the three groups in day 85e112 (data not
shown).

Of 1427 PWH who underwent anti-S IgG testing within 16
weeks after receiving the third dose of vaccines, 1005
(70.4%) successfully achieved anti-S IgG titers greater than
1047 BAU/mL, including 460 (72.8%), 342 (73.2%) and 203
(61.9%), respectively, in the three groups. Associated fac-
tors with achieving anti-S IgG titers greater than 1047 BAU/
mL in the multivariate logistic regression model using GEE
included PWH with CD4 counts <200 cells/mm3 before
enrollment (adjusted odds ratio [aOR], 0.11; 95% CI,
0.04e0.31), PVL >200 copies/mL (aOR, 0.27; 95% CI,
0.09e0.80), having achieved anti-S IgG >141 BAU/mL
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within 3 months after primary vaccination (aOR, 3.69, 95%
CI, 2.68e5.07), receiving BNT162b2 vaccine as the third
dose (aOR, 0.2; 95% CI, 0.10e0.31, Group 1 as reference)
and having previously received two doses of mRNA vaccine
as primary vaccination (aOR, 2.46; 95% CI, 1.75e3.45, no
previous exposure to mRNA vaccine before the third dose as
reference) (Table 3). In addition, 260 (18.2%) PWH suc-
cessfully achieved anti-S IgG titer >6000 BAU/mL, including
108 (17.1%), 102 (21.8%) and 50 (15.2%) in Groups 1, 2, and
3, respectively. Associated factors with achieving anti-S IgG
titers >6000 BAU/mL included having achieved anti-S IgG
>141 BAU/mL within 3 months after primary vaccination
(aOR, 2.74, 95% CI, 1.64e4.57) and having previously
received two doses of mRNA vaccine as primary vaccination



Figure 2. KaplaneMeier survival curve for acquisition of
SARS-CoV-2 infection among the three groups. (log-rank test, 3
groups, p Z 0.28; log-rank test, Group 2 vs Group 1, p Z 0.10;
log-rank test, Group 3 vs Group 2, p Z 0.63; and log-rank test,
Group 3 vs Group 1, p Z 0.55).
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(aOR, 1.70; 95% CI, 1.19e2.42, no previous exposure to
mRNA vaccine before the third dose as reference) (Table 4).
Only 56 (8.9%), 56 (12.0%) and 28 (8.5%) PWH of the three
groups had an anti-S IgG titer >20,000 BAU/mL. We failed
to identify any factors associated with successfully
achieving such a high anti-S IgG titer in the statistical
model, probably related to small case numbers (data not
shown). The anti-S IgG determined 3e6 months after the
third dose of vaccination between those who acquired
SARS-CoV-2 infection and those who did not were similar,
with the GMT of 1732 (95%CI, 1500e2001) and 2005 (95% CI,
Table 2 Factors associated with newly diagnosed SARS-CoV-2 i

Uni

HR (95% CI)

Age >50 years 0.46 (0.33e0.6
Male gender 0.84 (0.45e1.5
BMI >30 kg/m2 1.06 (0.74e1.5
Type 2 DM 0.71 (0.45e1.1
CKD stage IIIeV 0.86 (0.53e1.4
Solid-organ cancer 0.43 (0.14e1.3
Hematologic malignancy 1.04 (0.47e2.3
Autoimmune disease 0.71 (0.26e1.9
Concurrent systemic steroid use 1.52 (0.63e3.6
Chronic hepatitis B 0.98 (0.70e1.3
CD4 <200 cells/mm3 0.74 (0.31e1.7
HCV acquired within a year 1.40 (1.08e1.8
Syphilis acquired within a year 1.52 (0.99e2.3
Anti-spike IgG >141 BAU/mL 3 months

after the second dose
1.02 (0.82e1.2

mRNA-1273 (100-mg) as 3rd dose Ref
mRNA-1273 (50-mg) as 3rd dose 1.21 (0.95e1.5
BNT162b2 as 3rd dose 1.15 (0.88e1.5
mRNA vaccine doses, per 1-dose increase 0.98 (0.88e1.1

Abbreviations: aHR, adjusted hazard ratio; BMI, body-mass index; CK
virus; HR, hazard ratio.
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1811e2220) BAU/mL (participants with data available, 219
vs 543, p Z 0.12) (Supplementary Figure).
Discussion

In this study investigating the effectiveness and serological
responses of the third dose of SARS-CoV-2 vaccination
among PWH, we have shown the longitudinal follow-up of
acquisition of SARS-CoV-2 infection and antibody responses
in PLWH who had been mostly on stable ART with sustained
viral suppression and had received different types of the
third dose of COVID-19 vaccine in the real-word setting. We
have demonstrated similar effectiveness of different vac-
cine strategies in preventing SARS-CoV-2 infection in PWH
regardless the type of the third dose and the 2-dose primary
vaccination. Those with a younger age and recently ac-
quired HCV infection were more likely to acquire COVID-19.
Moreover, PWH with lower CD4 counts, uncontrolled HIV
infection, and who received 50-mg mRNA-1273 and
BNT162b2 vaccine as the third dose tended to have sub-
optimal serological responses.

Until now, evidence on the real-world effectiveness in
PWH receiving different third doses of COVID-19 vaccine is
scarce. Buchan et al. demonstrated that a third dose was
associated with improved vaccine effectiveness against
symptomatic infection and severe diseases in general pop-
ulation during the Omicron era.28 An observation study
through analyzing the data from OpenSAFELY platform
demonstrated that a marginal benefit of booster vaccina-
tion with mRNA-1273 compared with BNT162b2 in pre-
venting SARS-CoV-2 infection and severe disease.29 A
relatively lower prevalence of SARS-CoV-2 infection in
Taiwan might contribute to the difference observed when
nfection and seroconversion of anti-N IgG.

variable Multivariable

p value aHR (95% CI) p value

2) <0.001 0.58 (0.43e0.80) 0.001
8) 0.59 e e

1) 0.75 e e

3) 0.15 e e

1) 0.56 e e

4) 0.15 e e

4) 0.92 e e

0) 0.49 e e

8) 0.35 e e

7) 0.91 e e

8) 0.50 e e

2) 0.01 1.33 (1.02e1.72) 0.03
4) 0.06 1.28 (0.83e1.98) 0.26
7) 0.87 e e

Ref e e

4) 0.12 e e

1) 0.30 e e

0) 0.77 e e

D, chronic kidney disease; DM, diabetes mellitus; HCV, hepatitis C



Figure 3. Serologic responses after different third dose of COVID-19 vaccination at different follow-up intervals (A) Evolution of
anti-spike IgG of all included PWLH. (B). Evolution of anti-spike IgG of PWLH previously receiving no mRNA vaccines. (C) Evolution of
anti-spike IgG of PWLH previously receiving two doses of mRNA vaccine. The number in the table below the X-axis in each figure
represented the number of PWH undergoing antibody testing and the GMT of anti-spike IgG in each period. Note: M100, mRNA-1273
100-mg; M50, mRNA-1273 50-mg; BNT, BNT162b2.

Table 3 Factors associated with successfully achieving anti-spike IgG >1047 BAU/mL within 16 weeks.

Univariable Multivariable

OR (95% CI) p value aOR (95% CI) p value

Age >50 years 1.11 (0.87e1.41) 0.41 e e

Male gender 0.39 (0.16e0.92) 0.03 0.36 (0.12e1.06) 0.06
BMI >30 kg/m2 1.04 (0.74) 0.82 e e

Type 2 DM 0.91 (0.62e1.32) 0.61 e e

CKD stage IIIeV 0.99 (0.67e1.48) 0.97 e e

Solid-organ cancer 1.09 (0.59e2.04) 0.77 e e

Hematologic malignancy 1.88 (0.79e4.47) 0.16 e e

Autoimmune disease 1.23 (0.62e2.43) 0.56 e e

Concurrent systemic steroid use 0.62 (0.23e1.63) 0.33 e e

Chronic hepatitis B 0.93 (0.69e1.26) 0.65 e e

Chronic hepatitis C 0.81 (0.62e1.05) 0.12 e e

CD4 <200 cells/mm3 0.29 (0.14e0.63) 0.002 0.11 (0.04e0.31) <0.001
CD4 <350 cells/mm3 0.75 (0.54e1.04) 0.09 e e

CD4 <500 cells/mm3 0.84 (0.68e1.03) 0.09 e e

PVL >200 copies/mL 0.44 (0.21e0.95) 0.04 0.27 (0.09e0.80) 0.02
Anti-spike IgG >141 BAU/mL 3 months

after the second dose
2.73 (2.23e3.35) <0.001 3.69 (2.68e5.07) <0.001

mRNA-1273 (100-mg) as 3rd dose Ref Ref Ref Ref
mRNA-1273 (50-mg) as 3rd dose 0.75 (0.60e0.94) 0.01 0.50 (0.25e1.01) 0.06
BNT162b2 as 3rd dose 0.51 (0.40e0.65) <0.001 0.20 (0.10e0.41) <0.001
Previously no mRNA vaccine exposure Ref Ref Ref Ref
Previously receiving one dose of mRNA vaccine 1.92 (1.09e3.38) 0.02 2.33 (1.08e5.05) 0.03
Previously receiving two doses of mRNA vaccine 2.39 (1.90e3.01) <0.001 2.46 (1.75e3.45) <0.001

Abbreviations: aOR, adjusted odds ratio; BMI, body-mass index; CKD, chronic kidney disease; DM, diabetes mellitus; HCV, hepatitis C
virus; OR, odds ratio; PVL, plasma HIV RNA load.

W.-D. Liu, M.-S. Lin, H.-Y. Sun et al.
our study was conducted. Our study also echoed the study
by Nguyen et al., which revealed that, among mRNA-
boosted adults, those who underwent a non-mRNA pri-
mary vaccination and mRNA booster vaccination experi-
enced a similar rate of SARS-CoV-2 infection compared with
those who received BNT162b2 in primary vaccination.30

Nevertheless, the titer of anti-S IgG was higher in our par-
ticipants who had received mRNA vaccines in primary
vaccination, though the durability of vaccine effectiveness
warrants further investigation.

Previous studies have shown that the factors associated
with breakthrough SARS-CoV-2 infection among immuno-
compromised patients include older age, multiple comor-
bidities and suboptimal antibody response after primary
vaccination.10,26,28,31 However, such factors were not found
560
in our study. On the contrary, we found that people aged
<50 years and those with recently acquired HCV infection
were more likely to become infected with SARS-CoV-2
during the follow-up. The explanation for this finding re-
mains speculative that PWH might be less likely to keep
practicing physical distancing, as shown in a cross-sectional
study conducted in Nigeria.32 Moreover, recently acquired
HCV infection among PWH with male-to-male sex had risky
sexual contacts, which might explain the association of
recently acquired HCV infection with a higher SARS-CoV-2
infection rate in our cohort.33,34

To date, several studies have demonstrated that PWH on
stable ART have considerable antibody responses after the
booster vaccination compared with HIV-negative controls.35

In a retrospective study of 84 PWH with CD4 count



Table 4 Factors associated with successfully achieving anti-spike IgG >6000 BAU/mL within 16 weeks.

Univariable Multivariable

OR (95% CI) p value aOR (95% CI) p value

CD4 <200 cells/mm3 0.38 (0.05e2.81) 0.34 e e

PVL >200 copies/mL 0.46 (0.07e3.12) 0.42 e e

Anti-spike IgG >141 BAU/mL 3 months
after the second dose

3.22 (1.97e5.27) <0.001 2.74 (1.64e4.57) <0.001

mRNA-1273 (100-mg) as 3rd dose Ref Ref e e

mRNA-1273 (50-mg) as 3rd dose 1.07 (0.74e1.56) 0.71 e e

BNT162b2 as 3rd dose 0.71 (0.45e1.12) 0.14 e e

Previously no mRNA vaccine exposure Ref Ref Ref Ref
Previously receiving one dose of mRNA vaccine 0.22 (0.03e1.65) 0.14 0.17 (0.02e1.24) 0.08
Previously receiving two doses of mRNA vaccine 2.23 (1.59e3.13) <0.001 1.70 (1.19e2.42) 0.003

Abbreviations: aOR, adjusted odds ratio; OR, odds ratio; PVL, plasma HIV RNA load.
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>500 cells/mm3, anti-S IgG increased significantly after
mRNA-1273 or BNT162b2 booster vaccination; however,
current CD4 status and receipt of mRNA vaccine were not
found to be associated with the serological responses.36 In
our study, PWH with CD4 <200 cells/mm3 remained an
associated factor with suboptimal antibody responses,
similar to what we had observed in PWH having received
two homologous primary vaccines.11 For PWH who had a
lower antibody response after primary vaccination, Jong-
kees et al. demonstrated a successful restoration of sero-
logical response to an additional third dose with 100-mg
mRNA-1273 vaccine.37 Our study yielded similar results
and further indicated that a third dose with 100-mg mRNA-
1273 vaccine led to a higher antibody response compared
with 50-mg mRNA-1273 and BNT162B2 vaccine.

We demonstrated in this study that those receiving a
BNT162b2 vaccine as the third dose tended to have a sub-
optimal anti-S IgG response; however, the vaccine effec-
tiveness against acquiring SARS-Cov-2 infection was similar
between those who received the 100-ug and those who
received 50-ug mRNA-1273 vaccine. Such discordance might
be attributed to a relatively small case number or less se-
vere epidemic in Taiwan when the study was conducted,
which could preclude the precise estimation of vaccine
effectiveness. In addition, the protective mechanism of the
COVID-19 vaccination could be more than just IgG response.
First, vaccination can elicit a mucosal immune response and
secretory IgA is the main functional indicator. However, the
correlation between mucosal IgA and systemic IgG induced
by currently available vaccines is unclear. Second, long-
lasting T-cell memory can facilitate a response in people
infected with SARS-CoV-2. Compared with other variants of
concern, suboptimal responses were found against the
Omicron variant despite the type of vaccination. CD4 T cells
of PWH may be less effective to activate B cells to generate
neutralization antibodies.38

In this study, we failed to correlate the titers of anti-S
IgG with acquisition of SARS-CoV-2. The IgG data before
those who acquired SARS-CoV-2 infection was similar to the
control group whom did not acquire COVID-19 in the same
time frame. Despite bias caused by multiple comparisons,
such findings echoed those of the study by Dimeglio C,
et al., in which extremely high anti-S titers following
561
vaccination still failed to confer adequate protection
against the Omicron variant.27

The strengths of this study include a large number of
PWH and a longer observational period for the evaluation of
antibody responses even before the third dose. However,
there are several limitations in this study. First, the rate of
asymptomatic infection could have been underestimated
by simply testing for anti-N IgG. Anti-N IgG might wane one
year after primary SARS-CoV-2 infection.39 In addition,
Socan et al. demonstrated that seropositive rate of anti-N
IgG in people with SARS-CoV-2 infection was lower in
vaccinated people than those without previous vaccina-
tion.40 On the other hand, anti-N IgG antibodies were found
to share cross-reactivity between SARS-CoV-2, SARS-CoV,
and seasonal coronaviruses, which makes the estimation of
asymptomatic SARS-CoV-2 infection difficult.41 Second, we
did not include PWH who only underwent primary vacci-
nation for comparison, and therefore, the benefit of the
third dose of vaccination in preventing breakthrough in-
fections could not be evaluated in our study. Third, not all
of the anti-S IgG measurements were performed at fixed
time-points. The evolution of serological responses should
be interpreted with caution despite the similar trends to
those observed in other studies.6 Fourth, we did not obtain
the history of anti-SARS-CoV-2 medications and none of the
participants developed severe disease with oxygen desa-
turation; vaccine effectiveness against severe infection
might be overestimated. Fifth, no HIV-negative participants
were included as a control group, which might preclude us
from understanding if vaccine effectiveness or serological
responses to COVID-19 vaccination among virally-
suppressed PWH were similar to that among people
without HIV infection. Sixth, this study was conducted
during the community outbreak of Omicron subvariant BA.2
in Taiwan. The vaccine effectiveness could not be gener-
alized in the era of subsequent circulating subvariant
including BA.4 or BA.5. Sixth, we only included those
receiving mRNA vaccines as the third dose and excluded
those receiving protein-based vaccination including MVC-
COV1901 and NVX-CoV2373 vaccines. Last, we did not
assess the neutralizing antibody or T cell-related immunity.
Instead, several cut-off values derived from an immune-
bridging model were used in our study. Nevertheless, the
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performance of using the immune-bridging model to predict
vaccine effectiveness against SARS-CoV-2 infection or se-
vere infection in the era of Omicron variant warrants more
investigations among PWH.

In conclusion, we found PWH receiving different types of
the third dose of mRNA COVID-19 vaccine showed similar
effectiveness against SARS-CoV-2 infection. Acquisition of
COVID-19 was associated with a younger age and recent
HCV infection. An additional dose with 100-mg mRNA-1273
could generate a higher antibody response than 50-mg
mRNA-1273 and BNT162b2 vaccine, which might confer
benefit in terms of antibody titers in those with suboptimal
serological responses after primary vaccination. CD4 counts
less than 200 cells/mm3 and PVL greater than 200 copies/
mL still contributed to lower anti-S IgG titers.
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