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Abstract: The safety of the mRNA and inactivated SARS-CoV-2 vaccine has been demonstrated for
people living with HIV (PLHIV). However, vaccine studies in PLHIV are limited, and there is a gap
in which vaccine type provides the best response in PLHIV. Thus, PLHIV may benefit from mRNA
vaccine types compared to inactivated vaccines. This study aims to assess the immune responses
to vaccination by measuring specific antibodies (IgG) targeting the receptor binding sites (RBDs)
of the SARS-CoV-2 virus and the levels of IL-2 and IFN-γ in plasma. A total of 41 PLHIV who
regularly take antiretroviral therapy (ART) over a period of six months, along with 31 individuals in
a healthy control group (HC), were administered either two mRNA or inactivated vaccines. Data
regarding demographics and clinical information were gathered from the medical records. An analysis
was conducted on the neutralisation antibody IgG specific to RBD using the chemiluminescence
microparticle assay (CMIA). The levels of IL-2 and IFN-γ were quantified using the Luminex assay
method from plasma samples. Data were collected in the laboratory 28 days after each vaccination.
After the first vaccination, the level of anti-SARS-CoV-2 RBD IgG was higher in PLHIV who received
the mRNA vaccines than those who received inactivated vaccines (p = 0.006). The levels of mRNA in
the PLHIV group showed a significant correlation with IL-2 and IFN-γ after the second vaccination
(r = 0.51, p = 0.0035; r = 0.68, p = 0.002). The group of PLHIV who received the inactivated vaccine
showed increased IL-2 and IFN-γ after the initial vaccination, compared to PLHIV who received the
mRNA vaccine (p = 0.04; p = 0.08). Administering a two-dose vaccination is essential to increase the
levels of neutralising antibodies significantly (p = 0.013) in PLHIV who have received inactivated
vaccines; further study is needed to make this a recommendation. The responses observed after
vaccination in PLHIV were not affected by their CD4 cell counts. PLHIV showed higher levels of
SARS-CoV-2 IgG and increased IL-2 and IFN-γ levels. Our study encourages SARS-CoV-2 vaccination
in PLHIV regardless of its CD4 cell counts. Furthermore, the mRNA vaccine may give robust high
antibody responses in PLHIV.

Keywords: HIV; SARS-CoV-2; mRNA vaccine; inactivated vaccine; anti-SARS-CoV-2 RBD IgG

1. Introduction

HIV belongs to the genus Lentivirus and is a member of the Retroviridae family known
for its extended incubation and illness duration [1]. Viral infection primarily targets CD4+ T-
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cells and macrophages when the number of CD4 T-cells drops by 200 cells/µL; people living
with HIV (PLHIV) then become susceptible to opportunistic infections, including SARS-
CoV-2 [2]. Individuals with a compromised immune system often experience extended
periods of SARS-CoV-2 infection and exhibit genetic alterations in the spike protein of
the virus [2]. These changes are associated with the virus’s ability to evade neutralising
antibodies (NAbs) [2]. Immunocompromised patients have a greater risk of becoming
infected and are vulnerable to severe clinical outcomes [3,4]. Therefore, SARS-CoV-2
vaccinations are prioritised for these groups to prevent adverse conditions [5,6].

PLHIV exhibited both humoral and cellular immune responses targeted specifically
against SARS-CoV-2 after being administered several types of SARS-CoV-2 vaccines, such
as inactivated, adenovirus vector, and mRNA vaccines [7–9]. The antibody responses in
PLHIV increased gradually after mRNA-based vaccination [10]. However, these responses
were found to be significantly lower when compared to the control group of individ-
uals without HIV [7,11]. Low CD4+ T-cell numbers do not necessarily hinder cellular
immune responses [7]. According to Feng et al., PLHIV who received the inactivated
SARS-CoV-2 vaccination exhibited immune responses regarding binding antibodies, neu-
tralising antibodies, and S protein-specific T-cells comparable to the HIV-negative control
group [12]. Furthermore, it is worth noting that the T-cell counts of PLHIV decreased
significantly following vaccination, as indicated by previous research [12]. Despite a notice-
able decrease in the overall viral load following vaccination, no significant correlation was
observed with CD4+ T-cell activation [12].

IgG specific to RBD is crucial in blocking and neutralising viral entry into target cells [2].
B cells generate neutralising antibodies in response to viral infection or vaccination [13].
They play a significant role in the humoral immune response [14]. The disease caused by
SARS-CoV-2 triggers the production of NAbs, which are crucial in preventing the spike
protein from binding to the ACE2 receptor in humans. This, in turn, leads to the activation
of various cellular responses [7]. Furthermore, NAbs can work together with immune
cells like phagocytes and natural killer (NK) cells to counteract the SARS-CoV-2 virus
and prevent its escape from neutralisation [14]. NAbs provide a robust defence against
symptomatic infection [2].

The progression of the SARS-CoV-2 disease is closely associated with the role of in-
terleukins (ILs) and interferons (IFNs) [15]. IL-2 is a cytokine that plays a crucial role in
regulating the function of white blood cells, particularly to activate CD4+ T-cells [16]. It
achieves this by binding to IL-2 receptors [17]. The IL-2 level rises during infection, leading
to a robust inflammatory response and cytokine storm in individuals with a weakened
immune system [17]. Previous research has indicated that individuals with HIV-1 who are
also infected with SARS-CoV-2 have shown the presence of serum anti-IFN-I against IFN-α
subtypes, IFN-β, and IFN-ω [18]. Individuals suffering from this condition experience
significant illness [18]. Furthermore, co-infected individuals exhibited heightened levels
of IFNα/β and T-cell activation, indicating a significant immune dysregulation when
compared to healthy individuals [19]. IFN-γ exhibited a protective role by demonstrating
increased expression in convalescent patients [20]. Individuals with a compromised im-
mune system who received IFN-γ treatment showed successful elimination of SARS-CoV-2
infection, leading to subsequent recovery from respiratory symptoms [21].

PLHIV are not well represented in the extensive clinical efficacy trials conducted to
evaluate the effectiveness of widely used vaccinations [22]. Therefore, it is necessary to
gather data on the impact of inactivated and mRNA SARS-CoV-2 immunisation. The
objective of our current study is to analyse the plasma levels of anti-spike RBD SARS-CoV-2
IgG, IL-2, and IFN-γ in individuals with HIV, comparing them to healthy individuals
who have received two doses of mRNA-based and inactivated SARS-CoV-2 vaccines. This
study will demonstrate the beneficial effects of SARS-CoV-2 vaccination in PLHIV and offer
valuable insights for developing vaccination guidelines specific to this population.
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2. Materials and Methods
2.1. Study Design and Participants

The study site was the HIV/AIDS Seroja Clinic at Gunung Jati Regional Hospital of
Cirebon, West Java, Indonesia. PLHIV were recruited as patients who have taken antiretro-
viral therapy (ART) regularly for at least six months and are otherwise physically healthy.
The healthy control group was recruited from voluntary individuals who had attended
a routine medical checkup and were HIV-negative. PLHIV cases were defined as people
living with HIV who had received an mRNA-based (BNT162b2/mRNA-1273) and an inac-
tivated SARS-CoV-2 vaccine (CoronaVac). The control group (HC) was defined as healthy
individuals without HIV and any comorbidities who had received the same vaccination
program. All participants were previously unvaccinated against SARS-CoV-2 and had not
been infected with the virus for at least two weeks before sample collection. This study
included 74 respondents, including 41 PLHIV and 33 HCs. A CD4 cell count was collected
from hospital medical records before vaccination. The patients who were willing to partici-
pate voluntarily provided informed consent after being informed of the overall scope of the
research. Informed consent was issued with number 047/LAIKETIK/KEPKRSGJ/XI/2021.
The post-vaccination responses of each participant were tracked according to the vaccine
platform they received. Blood samples were aseptically collected from each respondent
on the 28th day following the first and second vaccinations [23]. Plasma was isolated for
subsequent analysis after the blood was centrifuged.

2.2. Chemiluminescence Microparticle Immunoassay (CMIA) for RBD SARS-CoV-2 IgG

The Abbott SARS-CoV-2 IgG II Quant assay (Abbott Laboratories, Abbott Park, IL,
USA) was conducted on serum samples using the Abbott Architect instrument, following
the instructions provided by the manufacturer. The Architect platform used 100 µL of
plasma. In the CMIA test, the SARS-CoV-2 antigen-coated paramagnetic microparticles
bind to IgG antibodies attached to the virus’s spike protein in human serum and plasma
samples. The chemiluminescence in relative light units (RLUs) that occurs after adding
the anti-human IgG (mouse, monoclonal) acridinium-labelled conjugate can be used to
measure the quantity of IgG spike protein RBD present. The strength of this response is
indicated by comparing it with the IgG II calibrator/standard. Positive results are indicated
by a measurement of fifty or more arbitrary units per millilitre in this test. The analytical
measurement interval for the specified range is between 21 and 40,000 AU/mL, and the
minimum threshold for determining positivity is set at 50 AU/mL.

2.3. Analysis of IFN and IL-2 Level

The levels of IFN-γ and IL-2 were measured using a Luminex® Discovery Assay
kit (R&D system, Bio-Techne, Minneapolis, MN, USA) according to the manufacturer’s
protocols. The measurements were performed using a Luminex Bio-Rad Analyser (Bio-Rad,
Hercules, CA, USA) on plasma samples. The samples underwent centrifugation for a
duration of 4 min at a speed of 1600 rpm. Then, 50 µL of IL2 standard, IFN-γ standard,
and the samples were added into each well. Then, 50 µL of diluted Microparticle Cocktail
was added to each well and allowed to incubate for 2 h at room temperature on a shaker
set at 800 rpm and washed. The biotin antibody Cocktail was added and incubated for
1 h at room temperature on a shaker set at 800 rpm. Afterwards, the wells were washed
and incubated for 2 min at room temperature on the shaker set at 800 rpm. The Luminex
Bio-Rad Analyser (Bio-Rad, Hercules, CA, USA) was utilised to analyse the results.

2.4. Statistical Analysis

All continuous variables were checked for normality using GraphPad Prism (version
8.0, San Diego, CA, USA). The count data represented categorical variables, while medians
and minimum–maximum values were used for continuous variables. The Mann–Whitney
test was employed for unpaired data for two-group comparisons, while a Wilcoxon test was
utilised for paired data. The correlations were assessed using non-parametric Spearman
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correlation tests. The figures underwent statistical analyses using R Statistical Software
(v4.1.2; R Core Team 2021), utilising ggplot2, ggpubr, patchwork, and tidyverse packages.
Statistical significance was determined for differences with p-values less than 0.05.

3. Results
3.1. PLHIV Had Lower Levels of Anti-SARS-CoV-2 RBD IgG in Response to Inactivated
Vaccination but Similar Levels to HCs in Response to mRNA Vaccines

The distribution of sex and age was comparable between PLHIV and HCs. Further-
more, there was no difference in the treatment time of antiretroviral therapy (ART) and
CD4 cell counts among PLHIV who were administered mRNA and inactivated vaccines
(Table 1). There was no difference in the sex proportion, age, time of ART, and CD4 cell
counts between PLHIV in mRNA and inactivated vaccine groups.

Table 1. Demographic data of healthy controls and HIV patients receiving two doses of
SARS-CoV-2 vaccination.

HC PLHIV

mRNA
Vaccine A

Inactivated
Vaccine B

mRNA
Vaccine C

Inactivated
Vaccine D A–D A vs. B C vs. D A vs. C B vs. D

n 18 15 17 24 - - - - -
Sex

Male 11 8 11 10 0.45 a - - - -
Female 7 7 6 14 - - - -

Age 31 (24–50) 41 (19–72) 35 (25–44) 38 (18–50) - 0.1 b 0.21 b 0.38 b 0.32 b

Time on ART
(years) - - 2 (1–4) 3 (1–4) - 0.52 b - -

CD4 cell counts - - 299 (112–456) 251 (131–673) - - 0.89 b - -

Data are presented as median (range). a p-value: Chi-square test of male and female proportions among groups;
b p-value: Mann–Whitney test.

3.2. PLHIV Who Received the SARS-CoV-2 mRNA Vaccine Had High Neutralising Antibody
Levels after the First Vaccination

The SARS-CoV-2 reactive IgG was higher in HIV patients who received the mRNA
vaccine than those who received the inactivated vaccine. The SARS-CoV-2 reactive antibody
to RBD was higher in HCs than in PLHIV receiving the inactivated vaccine after the first
dose. The mRNA vaccine group had higher anti-RBD IgG than the inactivated vaccine
group in PLHIV and HCs (Figure 1A,B). However, it was observed that the levels of IgG
anti-RBD in HIV patients who received the mRNA vaccine decreased after the second
dose, with no significant difference between the two time points (Figure 1C). By contrast,
PLHIV who received the inactivated vaccine had an increased IgG-specific RBD after the
second dose (Figure 1C). There was no difference in HCs IgG-specific RBD after the first
and second dose of inactivated and mRNA vaccines (Figure 1D).

3.3. High Levels of IL-2 and IFN-γ Were Present in PLHIV with the First Dose of the Inactivated
SARS-CoV-2 Vaccine and Then Decreased on the Second Dose of Vaccination

The levels of IL-2 and IFN-γ in circulation were assessed during the two vaccination
periods. The levels of IL-2 showed an increase after the initial dose of the inactivated
vaccine, with no discernible difference observed between the groups of healthy individuals
who received either the inactivated or mRNA vaccines. For PLHIV who received the
inactivated vaccine, the level of IL-2 was found to be higher compared to those who
received the mRNA vaccine (Figure 2A). There were no significant differences in IFN-γ
levels among the groups following the initial vaccination with inactivated and mRNA
vaccines (Figure 2B). The levels of IL-2 and IFN-γ in the second dose of both vaccination
platforms were similar across all groups (see Figure 2B,D). For PLHIV who received the
inactivated vaccine, the levels of IFN-γ were slightly higher in the second dose compared
to PLHIV who received the mRNA vaccine (p = 0.08). The levels of IFN-γ in people living
with HIV who received the second dose of the inactivated vaccine were found to be higher
compared to healthy individuals who also received the inactivated vaccine (Figure 2D).
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3.4. IL-2 and IFN-γ Levels Were Strongly Linked to Anti-RBD SARS-CoV-2 IgG in the Second
Dose of Vaccination, Regardless of CD4 Cell Counts in PLHIV Receiving mRNA Vaccination

PLHIV demonstrated increased levels of IgG following the administration of a second
dose of the inactivated vaccine and a first dose of the mRNA vaccine. The study examined
the correlation between CD4 cell counts and IgG levels before and after vaccination. No
notable correlation was observed between the inactivated and mRNA vaccination groups
(Figure 3A,B). The levels of IgG showed a clear, direct correlation with the cytokines IL-2
(Figure 3C) and IFN-γ (Figure 3D), specifically in individuals with HIV who received the
mRNA vaccine. On the other hand, there was a negative correlation observed between
IgG-specific RBD and the IFN-γ found in HCs who received the mRNA vaccine (Figure 3C).
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4. Discussion

The study revealed a notable disparity in the levels of reactive IgG-specific RBD
SARS-CoV-2 between PLHIV who received mRNA-based vaccines and those who received
inactivated vaccines. The levels of SARS-CoV-2 RBD IgG after the second dose showed a
direct correlation between IL-2 and IFN-γ levels in mRNA-vaccinated PLHIV. On the other
hand, the inactivated vaccine platform showed a higher proportion of IL-2 and IFN-γ in
PLHIV after the first dose.

High SARS-CoV-2 RBD IgG levels of PLHIV may be linked to the mRNA-based
vaccine’s ability to effectively utilise the host cells’ protein machinery to convert mRNA
into a targeted antigen to elicit a robust immune response [13,24]. This was consistent with
previous reports that SARS-CoV-2 mRNA-based vaccines elicit more robust cell-mediated
immunity (CMI) than SARS-CoV-2 inactivated vaccines [25]. In addition, our study found
that inactivated SARS-CoV-2 vaccination may need a second to a third dose to induce two
times the NAb levels measured through surrogate viral neutralisation assay (sVNT) [26].
Typically, NAbs are used to measure antibodies against the spike protein. One advantage
of the inactivated vaccine is that it measures antibodies against other proteins, such as the
robust nucleocapsid-specific IgG [27].

Stimulated peripheral mononuclear cells (PBMCs) from PLHIV exhibited comparable
levels of IFN-γ to several immunocompromised groups and healthy donors, despite lower
levels of SARS-CoV-2 RBD IgG compared to healthy donors who received inactivated
vaccines [28]. The levels of IL-2 showed a direct association with IFN-γ, indicating their
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potential to predict a protective response against viral infection [29,30]. Inactivated vaccines
have been found to elicit heterologous T-cell responses against various components of
SARS-CoV-2, including spike, nucleocapsid, and membrane proteins [31]. PLHIV who
were administered a booster dose of the SARS-CoV-2 Monovalent Omicron XBB mRNA
vaccine showed a notable rise in NAbs three months later [32].

The findings of our study revealed an increase in the levels of IFN-γ and IL-2 in PLHIV
who received inactivated vaccines, as opposed to those who received mRNA vaccines.
Nevertheless, the strong relationship between IFN-γ/IL-2 and SARS-CoV-2 RBD IgG in the
mRNA group suggests a significant role of spike-specific antibodies in viral immunity. On
the other hand, inactivated vaccines may elicit a more comprehensive cellular response to
various SARS-CoV-2 strains.

PLHIV are more likely to contract other infections, which cause lymphocyte stim-
ulation and the generation of pro-inflammatory cytokines [33]. As a result, more HIV
is replicated at an increased pace, and most CD4+ T-cells are lost; this may result in se-
vere infection [33]. Regarding SARS-CoV-2 infection in PLHIV, CD4 T-cell counts above
500 cells/µL are associated with responsive humoral and cellular immune response to
vaccination [22]. The levels of immunological response decreased when stratified through
CD4 levels ranging from 200 to 500 cells/µL or less than 200 cells/µL [34]. However, it
was observed that the CD4 cell counts were above 200 cells/µL in this study. PLHIV
exhibited elevated levels of neutralising antibody responses following vaccination despite
the CD4 counts. It is worth noting that all our patients living with HIV have been receiving
antiretroviral therapy (ART) for a minimum of six months.

Our study is limited by the small sample size. Therefore, it may not accurately reflect
the population of PLHIV who have different antiretroviral treatment statuses and CD4
cell counts. The cytokines analysed in our study were obtained from plasma rather than
stimulated peripheral blood mononuclear cells (PBMCs). Additional research should
explore the plasma and cellular cytokine levels in PLHIV who have been exposed to
various SARS-CoV-2 proteins. In this study, we did not analyse the ART regimen. Types
of ART could inhibit SARS-CoV-2 infection, and protease inhibitors could also have an
inhibitory effect on SARS-CoV-2 infections in PLHIV [35].

5. Conclusions

Our study concludes that mRNA-based immunisation effectively generated strong
antibodies reactive to SARS-CoV-2 in PLHIV who are undergoing ART, regardless of their
CD4 cell counts. The inactivated vaccine may provide cellular immunity by increasing the
levels of IL-2 and IFN-γ in PLHIV. The findings demonstrated a positive immune response
to vaccination in PLHIV, supporting the importance of prioritising SARS-CoV-2 vaccination
in this population.
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8. Karaşın, M.F.; Bayraktar, Z.; Toygar-Deniz, M.; Akhan, S.; Özdemir, M.K. COVID-19 Vaccines and COVID-19 in People Living
with HIV. Infect. Dis. Clin. Microbiol. 2024, 28, 78–82. [CrossRef]

9. Batchi-Bouyou, A.L.; Djontu, J.C.; Ingoba, L.L.; Mougany, J.S.; Mouzinga, F.H.; Dollon Mbama Ntabi, J.; Kouikani, F.Y.; Christ
Massamba Ndala, A.; Diafouka-kietela, S.; Ampa, R.; et al. Neutralizing Antibody Responses Assessment after Vaccination in
People Living with HIV Using a Surrogate Neutralization Assay. BMC Immunol. 2024, 25, 43. [CrossRef]

10. Woldemeskel, B.A.; Karaba, A.H.; Garliss, C.C.; Beck, E.J.; Wang, K.H.; Laeyendecker, O.; Cox, A.L.; Blankson, J.N. The BNT162b2
MRNA Vaccine Elicits Robust Humoral and Cellular Immune Responses in People Living With Human Immunodeficiency Virus
(HIV). Clin. Infect. Dis. 2022, 74, 1268–1270. [CrossRef]

11. Heftdal, L.D.; Pérez-Alós, L.; Hasselbalch, R.B.; Hansen, C.B.; Hamm, S.R.; Møller, D.L.; Pries-Heje, M.; Fogh, K.; Gerstoft, J.;
Grønbæk, K.; et al. Humoral and Cellular Immune Responses Eleven Months after the Third Dose of BNT162b2 an MRNA-Based
COVID-19 Vaccine in People with HIV—A Prospective Observational Cohort Study. EBioMedicine 2023, 93, 104661. [CrossRef]

12. Feng, Y.; Zhang, Y.; He, Z.; Huang, H.; Tian, X.; Wang, G.; Chen, D.; Ren, Y.; Jia, L.; Wang, W.; et al. Immunogenicity of
an Inactivated SARS-CoV-2 Vaccine in People Living with HIV-1: A Non-Randomized Cohort Study. EClinicalMedicine 2022,
43, 101226. [CrossRef] [PubMed]

13. Mirtaleb, M.S.; Falak, R.; Heshmatnia, J.; Bakhshandeh, B.; Taheri, R.A.; Soleimanjahi, H.; Zolfaghari Emameh, R. An Insight
Overview on COVID-19 MRNA Vaccines: Advantageous, Pharmacology, Mechanism of Action, and Prospective Considerations.
Int. Immunopharmacol. 2023, 117, 109934. [CrossRef] [PubMed]

14. Abebe, E.C.; Dejenie, T.A. Protective Roles and Protective Mechanisms of Neutralizing Antibodies against SARS-CoV-2 Infection
and Their Potential Clinical Implications. Front. Immunol. 2023, 14, 1055457. [CrossRef] [PubMed]

15. Chen, R.; Sang, L.; Jiang, M.; Yang, Z.; Jia, N.; Fu, W.; Xie, J.; Guan, W.; Liang, W.; Ni, Z.; et al. Longitudinal Hematologic and
Immunologic Variations Associated with the Progression of COVID-19 Patients in China. J. Allergy Clin. Immunol. 2020, 146,
89–100. [CrossRef] [PubMed]

16. Gupta, A.; Righi, E.; Konnova, A.; Sciammarella, C.; Spiteri, G.; Van Averbeke, V.; Berkell, M.; Hotterbeekx, A.; Sartor, A.;
Mirandola, M.; et al. Interleukin-2-Mediated CD4 T-Cell Activation Correlates Highly with Effective Serological and T-Cell
Responses to SARS-CoV-2 Vaccination in People Living with HIV. J. Med. Virol. 2024, 96, e29820. [CrossRef]

17. Ghanbari Naeini, L.; Abbasi, L.; Karimi, F.; Kokabian, P.; Abdi Abyaneh, F.; Naderi, D. The Important Role of Interleukin-2 in
COVID-19. J. Immunol. Res. 2023, 2023, 7097329. [CrossRef]

18. Scordio, M.; Frasca, F.; Santinelli, L.; Sorrentino, L.; Pierangeli, A.; Turriziani, O.; Mastroianni, C.M.; Antonelli, G.; Viscidi, R.P.;
d’Ettorre, G.; et al. High Frequency of Neutralizing Antibodies to Type I Interferon in HIV-1 Patients Hospitalized for COVID-19.
Clin. Immunol. 2022, 241, 109068. [CrossRef]

19. D’ettorre, G.; Recchia, G.; Ridolfi, M.; Siccardi, G.; Pinacchio, C.; Innocenti, G.P.; Santinelli, L.; Frasca, F.; Bitossi, C.; Ceccarelli, G.;
et al. Analysis of Type I IFN Response and T Cell Activation in Severe COVID-19/HIV-1 Coinfection: A Case Report. Medicine
2020, 99, e21803. [CrossRef]

20. Elliott, E.I.; Wang, A. Interferon Gamma Runs Interference on Persistent COVID-19. Med 2021, 2, 1111–1113. [CrossRef]

https://doi.org/10.3390/microorganisms11010221
https://www.ncbi.nlm.nih.gov/pubmed/36677513
https://doi.org/10.1038/s41467-024-46673-2
https://www.ncbi.nlm.nih.gov/pubmed/38491050
https://doi.org/10.1007/s42399-020-00363-4
https://www.ncbi.nlm.nih.gov/pubmed/32838147
https://doi.org/10.3389/fpubh.2023.1210800
https://doi.org/10.3390/vaccines11050893
https://clinicalinfo.hiv.gov/en/guidelines/archived-guidelines/guidance-covid-19-and-people-hiv-archive
https://clinicalinfo.hiv.gov/en/guidelines/archived-guidelines/guidance-covid-19-and-people-hiv-archive
https://doi.org/10.3389/fimmu.2022.1049070
https://www.ncbi.nlm.nih.gov/pubmed/36532034
https://doi.org/10.36519/idcm.2024.271
https://doi.org/10.1186/s12865-024-00625-z
https://doi.org/10.1093/cid/ciab648
https://doi.org/10.1016/j.ebiom.2023.104661
https://doi.org/10.1016/j.eclinm.2021.101226
https://www.ncbi.nlm.nih.gov/pubmed/34901799
https://doi.org/10.1016/j.intimp.2023.109934
https://www.ncbi.nlm.nih.gov/pubmed/36867924
https://doi.org/10.3389/fimmu.2023.1055457
https://www.ncbi.nlm.nih.gov/pubmed/36742320
https://doi.org/10.1016/j.jaci.2020.05.003
https://www.ncbi.nlm.nih.gov/pubmed/32407836
https://doi.org/10.1002/jmv.29820
https://doi.org/10.1155/2023/7097329
https://doi.org/10.1016/j.clim.2022.109068
https://doi.org/10.1097/MD.0000000000021803
https://doi.org/10.1016/j.medj.2021.09.004


Biomedicines 2024, 12, 2115 9 of 9

21. van Laarhoven, A.; Kurver, L.; Overheul, G.J.; Kooistra, E.J.; Abdo, W.F.; van Crevel, R.; Duivenvoorden, R.; Kox, M.; ten Oever, J.;
Schouten, J.; et al. Interferon Gamma Immunotherapy in Five Critically Ill COVID-19 Patients with Impaired Cellular Immunity:
A Case Series. Med 2021, 2, 1163–1170.e2. [CrossRef]

22. Höft, M.A.; Burgers, W.A.; Riou, C. The Immune Response to SARS-CoV-2 in People with HIV. Cell. Mol. Immunol. 2023, 21,
184–196. [CrossRef] [PubMed]

23. Wei, J.; Stoesser, N.; Matthews, P.C.; Ayoubkhani, D.; Studley, R.; Bell, I.; Bell, J.I.; Newton, J.N.; Farrar, J.; Diamond, I.; et al.
Antibody Responses to SARS-CoV-2 Vaccines in 45,965 Adults from the General Population of the United Kingdom. Nat. Microbiol.
2021, 6, 1140–1149. [CrossRef] [PubMed]

24. Figueroa, A.L.; Ali, K.; Berman, G.; Zhou, H.; Deng, W.; Xu, W.; Lussier, S.; Girard, B.; Dutko, F.J.; Slobod, K.; et al. Safety and
Durability of MRNA-1273–Induced SARS-CoV-2 Immune Responses in Adolescents: Results from the Phase 2/3 TeenCOVE Trial.
EClinicalMedicine 2024, 74, 102720. [CrossRef] [PubMed]

25. Luan, N.; Cao, H.; Wang, Y.; Lin, K.; Hu, J.; Liu, C. Comparison of Immune Responses between Inactivated and MRNA
SARS-CoV-2 Vaccines Used for a Booster Dose in Mice. Viruses 2023, 15, 1351. [CrossRef]

26. Chan, D.P.C.; Wong, N.S.; Wong, B.C.K.; Chan, J.M.C.; Lee, S.S. Three-Dose Primary Series of Inactivated COVID-19 Vaccine for
Persons Living with HIV, Hong Kong. Emerg. Infect. Dis. J. 2022, 28, 2130. [CrossRef]

27. Wang, Q.; Ning, J.; Chen, Y.; Li, B.; Shi, L.; He, T.; Zhang, F.; Chen, X.; Zhai, A.; Wu, C. The BBIBP-CorV Inactivated COVID-19
Vaccine Induces Robust and Persistent Humoral Responses to SARS-CoV-2 Nucleocapsid, besides Spike Protein in Healthy
Adults. Front. Microbiol. 2022, 13, 1008420. [CrossRef] [PubMed]

28. Balcells, M.E.; Le Corre, N.; Durán, J.; Ceballos, M.E.; Vizcaya, C.; Mondaca Sebastián and Dib, M.; Rabagliati, R.; Sarmiento
Mauricio and Burgos, P.I.; Espinoza, M.; Ferrés, M.; et al. Reduced Immune Response to Inactivated Severe Acute Respiratory
Coronavirus 2 Vaccine in a Cohort of Immunocompromised in Chile. Clin. Infect. Dis. 2022, 75, e594–e602. [CrossRef]

29. Safont, G.; Villar-Hernández, R.; Smalchuk, D.; Stojanovic, Z.; Marín, A.; Lacoma, A.; Pérez-Cano, C.; López-Martínez, A.; Molina-
Moya, B.; Solis, A.J.; et al. Measurement of IFN-γ and IL-2 for the Assessment of the Cellular Immunity against SARS-CoV-2. Sci.
Rep. 2024, 14, 1137. [CrossRef]

30. Wang, X.; Li, Y.; Jin, J.; Chai Xiaoran and Ma, Z.; Duan, J.; Zhang, G.; Huang, T.; Zhang, X.; Zhang, T.; Wu, H.; et al. SARS-
CoV-2-Specific T-Cell Responses Are Induced in People with Human Immunodeficiency Virus after Booster. Chin. Med. J. 2024.
[CrossRef]

31. Lim, J.M.E.; Hang, S.K.; Hariharaputran, S.; Chia, A.; Tan, N.; Lee, E.S.; Chng, E.; Lim, P.L.; Young, B.E.; Lye, D.C.; et al. A
Comparative Characterization of SARS-CoV-2-Specific T-Cells Induced by MRNA or Inactive Virus COVID-19 Vaccines. Cell Rep.
Med. 2022, 3, 100793. [CrossRef]

32. Cherneha, M.; Zydek, I.; Braß, P.; Korth, J.; Jansen, S.; Esser, S.; Karsten, C.B.; Meyer, F.; Kraiselburd, I.; Dittmer, U.; et al.
Immunogenicity of the Monovalent Omicron XBB.1.5-Adapted BNT162b2 COVID-19 Vaccine in People Living with HIV (PLWH).
Vaccines 2024, 12, 785. [CrossRef] [PubMed]

33. Mounika, V.L.; Kumar, V.U.; Dhingra, S.; Ravichandiran, V.; Pandey, K.; Parihar, V.K.; Murti, K. CD4+ Count: A Variable to Be
Considered to Prioritize COVID-19 Vaccination in PLHIV. Curr. Pharmacol. Rep. 2023, 9, 90–97. [CrossRef] [PubMed]

34. Antinori, A.; Cicalini, S.; Meschi, S.; Bordoni, V.; Lorenzini, P.; Vergori, A.; Lanini, S.; De Pascale, L.; Matusali, G.; Mariotti, D.;
et al. Humoral and Cellular Immune Response Elicited by MRNA Vaccination Against Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) in People Living With Human Immunodeficiency Virus Receiving Antiretroviral Therapy Based on
Current CD4 T-Lymphocyte Count. Clin. Infect. Dis. 2022, 75, e552–e563. [CrossRef] [PubMed]

35. Elfiky, A.A. Ribavirin, Remdesivir, Sofosbuvir, Galidesivir, and Tenofovir against SARS-CoV-2 RNA Dependent RNA Polymerase
(RdRp): A Molecular Docking Study. Life Sci. 2020, 253, 117592. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.medj.2021.09.003
https://doi.org/10.1038/s41423-023-01087-w
https://www.ncbi.nlm.nih.gov/pubmed/37821620
https://doi.org/10.1038/s41564-021-00947-3
https://www.ncbi.nlm.nih.gov/pubmed/34290390
https://doi.org/10.1016/j.eclinm.2024.102720
https://www.ncbi.nlm.nih.gov/pubmed/39091673
https://doi.org/10.3390/v15061351
https://doi.org/10.3201/eid2810.220691
https://doi.org/10.3389/fmicb.2022.1008420
https://www.ncbi.nlm.nih.gov/pubmed/36406456
https://doi.org/10.1093/cid/ciac167
https://doi.org/10.1038/s41598-024-51505-w
https://doi.org/10.1097/CM9.0000000000003176
https://doi.org/10.1016/j.xcrm.2022.100793
https://doi.org/10.3390/vaccines12070785
https://www.ncbi.nlm.nih.gov/pubmed/39066423
https://doi.org/10.1007/s40495-023-00312-4
https://www.ncbi.nlm.nih.gov/pubmed/36844431
https://doi.org/10.1093/cid/ciac238
https://www.ncbi.nlm.nih.gov/pubmed/35366316
https://doi.org/10.1016/j.lfs.2020.117592

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Chemiluminescence Microparticle Immunoassay (CMIA) for RBD SARS-CoV-2 IgG 
	Analysis of IFN and IL-2 Level 
	Statistical Analysis 

	Results 
	PLHIV Had Lower Levels of Anti-SARS-CoV-2 RBD IgG in Response to Inactivated Vaccination but Similar Levels to HCs in Response to mRNA Vaccines 
	PLHIV Who Received the SARS-CoV-2 mRNA Vaccine Had High Neutralising Antibody Levels after the First Vaccination 
	High Levels of IL-2 and IFN- Were Present in PLHIV with the First Dose of the Inactivated SARS-CoV-2 Vaccine and Then Decreased on the Second Dose of Vaccination 
	IL-2 and IFN- Levels Were Strongly Linked to Anti-RBD SARS-CoV-2 IgG in the Second Dose of Vaccination, Regardless of CD4 Cell Counts in PLHIV Receiving mRNA Vaccination 

	Discussion 
	Conclusions 
	References

