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Background Vaccines against COVID-19 are a powerful tool to control the current SARS-CoV-2 pandemic. A thor-
ough description of their immunogenicity among people living with HIV (PLWHIV) is necessary. We aimed to
assess the immunogenicity of the mRNA-1273 vaccine among PLWHIV.

Methods In this prospective cohort, adult PLWHIV outpatients were enrolled during the Italian vaccination cam-
paign. Enrolment was allowed irrespective of ongoing combination antiretroviral therapy (ART), plasma HIV viral
load and CD4+ T cell count. A two-dose regimen of mRNA-1273, with administrations performed 28 days apart,
was employed. The primary outcomes were anti-spike (anti-S) antibody titres and neutralising antibody activity,
assessed 28 days after completing the vaccination schedule. A convenient sample of individuals not affected by HIV
was also collected to serve as control (referred as healthy-donors, HDs).

Findings We enrolled 71 PLWHIV, mostly male (84¢5%), with a mean age of 47 years, a median CD4+ T cell count
of 747¢0 cells per µL and a median HIV viral load <50 copies/mL. COVID-19-experienced PLWHIV displayed
higher anti-S antibody titres (p=0¢0007) and neutralising antibody activity in sera (p=0¢0007) than COVID-19-naÿve
PLWHIV. When stratified according to CD4+ T cell count (<350 cells/mL, 350-500 cells/mL, >500 cells/mL), anti-S
antibody titres (6/71, median 2173 U/mL [IQR 987-4109]; 7/71, 5763 IU/mL [IQR 4801->12500]; 58/71, 2449
U/mL [IQR 1524-5704]) were not lower to those observed among HDs (10, median 1425 U/mL [IQR 599-6131]). In
addition, neutralising antibody activity, stratified according to the CD4+ T cell count (6/71, median 1314 [IQR 606-
2477]; 7/71, 3329 IU/mL [IQR 1905-10508]; 58/71, 1227 U/mL [IQR 761-3032]), was like those displayed by HDs
(10, median 2112 U/mL [IQR 719-8889]).

Interpretation In our cohort of PLWHIV with well-controlled ART, stable viral suppression and robust CD4+ T cell
count, inoculation with mRNA-1273 vaccine given 4 weeks apart produced detectable humoral immune response,
similar to individuals without HIV infection, supporting vaccination in PLWHIV.
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Research in context

Evidence before this study

Vaccination against COVID-19 has proved to be an
effective tool to curb-out mortality and morbidity
related to SARS-CoV-2 infection. The mRNA-1273 vac-
cine has shown to be safe and effective, but data are
mainly focused on immunocompetent individuals. In
certain populations (e.g., solid organ transplant recipi-
ents) vaccine efficacy can be severely hampered. HIV
infection can reduce both magnitude and durability of
vaccine-induced immune response and some individu-
als with HIV might require additional doses of vaccine.
We searched PubMed, Scopus and Embase platforms
for studies published in English up to August 31, 2021,
that assessed outcomes for people living with HIV
(PLWHIV) after vaccination against COVID-19 using the
search terms “HIV” AND “COVID-19” OR “SARS-CoV-2”
AND “vaccination”. We found one study assessing
safety and immunogenicity of the adenovirus-based
vaccine ChAdOx1 nCoV-19, thus an adenovirus-base
vaccine, and three studies that involved PLWHIV vacci-
nated with mRNA vaccines. Among them, only one
study enrolled nine PLWHIV who received the mRNA-
1273 vaccine, showing values of anti-spike antibodies
comparable to those observed among individuals
without HIV. One study identified lower absolute IgG
and pseudovirus neutralization titres post BNT162b2
vaccination among PLWHIV, while another one did not
find differences by HIV status post ChAdOx1 nCoV-19
vaccination, although CD4+ T cell counts of enrolled
patients were all >350/µL.

Added value of this study

Our data show, in a large and well-defined cohort of
PLWHIV on suppressive combination antiretroviral ther-
apy and with good CD4+ T cell counts, the presence of
humoral immune response to the mRNA-1273 vaccine,
providing not only anti-spike antibodies titres but also
neutralising antibody activity. These data strengthen
the fact that the mRNA-1273 vaccine is immunogenic in
PLWHIV on combination antiretroviral therapy with sta-
ble viral suppression and good CD4+ T cell counts dur-
ing early follow-up. Further data are needed to test
vaccine effectiveness, durability of the humoral
response, assess the cellular immune response, and
confirm these results also in those who are viraemic or
display very low CD4+ T cell counts.
Implications of all the available evidence

This study confirms that the mRNA-1273 vaccine can
elicit a detectable humoral immune response in PLWHIV
and emphasize the fact that this population should
receive immunization against COVID-19.
Introduction
The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) pandemic keeps taking a heavy toll glob-
ally, with more than 200,000,000 confirmed cases and
4,000,000 deaths reported by the World Health Orga-
nization at the time of writing.1 Unprecedented effort
towards public health interventions have been made,
and massive vaccination campaigns against coronavirus
disease 2019 (COVID-19) have been launched by a
growing number of countries, some using vaccines
developed employing the novel mRNA technology.2,3

BNT162b2 and mRNA-1273 are the two recently
approved mRNA-based vaccines against COVID-19,
both have shown excellent safety and efficacy in the reg-
istration studies.4 The mRNA-1273 vaccine has dis-
played a 94¢1% efficacy at preventing COVID-19 illness;
the phase 3 randomized, observer-blinded, placebo-con-
trolled trial, assessing efficacy and safety of the com-
pound, included 179 (0¢6%) participants with HIV
infection, which were categorized as having risk for
severe COVID-19, based on the Centers for Disease
Control and Prevention (CDC) criteria available at the
time of trial design.3 Indeed, large studies suggest that
people living with HIV (PLWHIV), particularly those
with low CD4+ T cell counts or untreated HIV infection,
might have a more severe clinical course compared to
HIV-negative individuals.5 On these bases, vaccination
was one of the strategies recommended by national and
international HIV societies for PLWHIV to protect
PLWHIV from severe illness. This population was given
different levels of priority throughout distinct cam-
paigns across Europe.6

However, only a limited number of studies have
investigated responses to mRNA-based COVID-19 vac-
cines in PLWHIV, and previous reports showing that
certain vaccines against pandemic H1N1 influenza
induce suboptimal responses in PLWHIV may raise
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concern over immunogenicity.7 Indeed, combination
antiretroviral therapy (ART) reduces but does not fully
eliminate HIV-induced inflammation and immune acti-
vation, suggesting that some immune defects may per-
sist despite fully suppressive antiretroviral therapy.
However, effective control of viremia with ART has
been shown to improve responsiveness to routine vac-
cines, especially when ART is started early during HIV
infection.8 A recent publication has highlighted how
the adenovirus-based ChAdOx1 nCoV-19 (AZD1222)
vaccine is likely to be safe and immunogenic against
PLWHIV with COVID-19.9 In this study the authors
did not find differences according to the HIV status,
although all the enrolled patients displayed CD4+ T cell
counts >350/µL. Promising results have been shown
also for the mRNA-vaccines, with the detection of anti-
spike (anti-S) antibody titres, neutralising antibody
activity and cellular immune responses after vaccination
of PLWHIV with BNT162b2 or mRNA-1273.10,11 Inter-
estingly, Levy and colleagues in their study on individu-
als vaccinated with BNT162b2, reported lower absolute
IgG and pseudovirus neutralization titres post immuni-
sation among PLWHIV compared to healthy donors
(HDs). Only a small study has currently investigated the
response to mRNA-1273, in a very limited number of
individuals (nine) by measuring only anti-S antibody
titres, which resulted comparable to those observed in
non-HIV-infected individuals.12

With the present study, we assessed the capacity of
the mRNA-1273 vaccine to induce effective antibody
responses in PLWHIV. We evaluated the anti-S titres
and the neutralising antibody activity in PLWHIV on
ART who received two doses of mRNA-1273 vaccine, 28
days after the completion of vaccination schedule.
Methods

Study design and participants
In this study, we evaluated a cohort of PLWHIV, and a
group of healthy donors vaccinated with mRNA-1273 vac-
cine. The PLWHIV cohort comprised individuals with
HIV who were stable on ART under routine follow-up at
the Infectious Diseases Unit of the IRCCS Ospedale
Maggiore Policlinico in Milan, Italy, and received
mRNA-1273 vaccination according to the schedule of
attendance in the context of the Italian national vaccina-
tion program. This plan delivered COVID-19 vaccination
since February 2021 to high-risk patients, which included
PLWHIV. Inclusion criteria for the study were age above
18 years and a positive diagnosis of HIV infection. HDs
were a group of healthcare workers without underlying
chronic diseases or receiving immunosuppressive drugs,
who received mRNA-1273 vaccine in the same time-
frame. Written informed consent was obtained from all
participants, and the study was done in accordance with
the principles of the Declaration of Helsinki and Good
www.thelancet.com Vol xx Month xx, 2021
Clinical Practice. The study protocol (286_2021) was
approved by the INMI “Lazzaro Spallanzani” Ethics
Committee (Roma, Italy), responsible for the evaluation
of studies assessing the efficacy of drugs against SARS-
CoV-2 in the Italian territory.
Clinical procedures
Blood samples from PLWHIV in care at the Infectious
Diseases Unit of the IRCCS Ospedale Maggiore Policli-
nico in Milan, Italy, who received COVID-19 vaccination
with mRNA-1273 and were enrolled in the study, were
collected before the first vaccine shot (T0), before the
second shot administered 28 days later (T1a) and 28
days after the second shot (T1b). At T0 participants com-
pleted a questionnaire collecting demographic and clini-
cal variables. Blood samples from HDs were collected at
the same time points.
Laboratory procedures
Anti-SARS-CoV-2 nucleocapsid antibodies (total Ig) and
anti-SARS-CoV-2 spike RBD (total Ig) were measured
using Roche kits (Elecsys anti-SARS-CoV-2 and Elecsys
anti-SARS-CoV-2 S respectively) on Roche Cobas e801
(Roche Diagnostics, Monza Italy). Both tests are based
on ElectroChemiLuminescent Immuno Assay (ECLIA).

Human embryonic kidney (293TN and 293TN
hACE2) cell lines (System Bioscience, cat#LV900A-1)
were cultured in Dulbecco’s modified Eagle medium
(DMEM, GIBCO) supplemented with 10% heat-inacti-
vated FBS, 100 U/mL penicillin (Euroclone), 0¢1
mg/mL streptomycin (Euroclone), 1X MEM non-essen-
tial amino acids (GIBCO), 2 mM L-glutamine (Euro-
clone), 0¢11 g/L sodium pyruvate (GIBCO). Cells were
maintained at 37°C in a 5% CO2 humidified incubator.
Testing for mycoplasma was carried out using MycoA-
lertTM Mycoplasma Detection Kit (Lonza). HEK 293TN
hACE2 cells were derived from HEK 293TN after trans-
duction with a lentiviral vector coding for human ACE2
gene and Hygromycin resistance as previously
described.13

VSVDG/ffLUC/GFP dual reporter seed particles
were previously described.14 Briefly, to amplify the origi-
nal stock, 2 £ 106 HEK 293TN were seeded onto a 100
mm petri dish in DMEM and 24 hours later transfected
with 2¢4 mg of pcDNA3.1 VSV-G glycoprotein encoding
plasmid. 24 hours later, the supernatant was removed,
and cells were inoculated with a 100-fold dilution of the
original seed particle stock (in DMEM with 2% FBS),
for 1 hour at 37°C. Fresh DMEM with 2% FBS was then
added to cells. 48 hours later supernatant was collected,
filtered through a PES 0¢45 mm filter, aliquoted and
stored at -80°C.

Production of SARS-CoV-2 VSV-pseudotyped par-
ticles (VSVDG/ffLUC/GFP pseudotyped with SARS-
CoV-2 Del-D614G glycoprotein) was carried out as pre-
viously described.14 Briefly, 5 £ 106 HEK 293 TN were
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seeded in a 150mm petri dish in DMEM and 24 hours
later cells were transfected with 12 mg of pcDNA3.1
SARS-CoV-2-Del-D614G S glycoprotein encoding plas-
mid. Twenty-four hours later, the supernatant was
removed, and cells were inoculated with a 100-fold dilu-
tion of seed particles (in DMEM with 2% FBS) for 1
hour at 37°C. After, plates were washed three times
with PBS, one time with DMEM 2% FBS and covered
with new DMEM 2% FBS. 24 hours later, the superna-
tant was collected and filtered through a PES 0¢45 mm
filter. Subsequently, cleared supernatants were ultracen-
trifuged for 2h at 80000g (Beckman, swinging-rotor
SW 32Ti) and concentrated in PBS. Concentrated stocks
were stored at -80°C.

Titration of pseudoparticles was carried out using
HEK 293TN hACE2. Briefly, 25000 HEK 293TN
hACE2 cells were seeded in each well of a 24 wells plate.
24 hours later, supernatant was removed, and cells
were inoculated with serial 3-fold dilutions of the SARS-
CoV-2 VSV-pseudotyped particles. After 24 hours, the
percentage of GFP+ cells was determined by flow
cytometry and the viral titre of the stock was calculated.

Neutralising antibody activity in sera was deter-
mined using HEK 293TN hACE2. Cells were seeded at
10000 cells/well in 100 µL DMEM into white 96 well-
plates. The next day, sera were serially diluted in PBS in
96-well plates, to obtain 7 dilution points plus not
treated control and SARS-CoV-2 VSV-pseudotyped par-
ticles were preincubated with sera dilutions for 1 hour
at 37°C. SARS-CoV-2 VSV-pseudotyped particles prein-
cubated with sera were used to infect HEK 293TN
hACE2 (MOI=0.1) in triplicate.

After 16 hours, luminescence assay was performed
to determine the levels of infection for each dilution
point. Bright-GloTM Luciferase Assay System (Promega)
was used following manufacturer’s instructions to
develop a luminescence signal, which was measured
through Tecan Luminometer. Obtained relative lucifer-
ase units were normalized to not treated (PBS) controls
and dose-response curves were generated by nonlinear
regression curve fitting to calculate ND50.
Outcomes
The primary outcome of interest in this cohort was the
immunogenicity profile of mRNA-1273 in PLWHIV.
Here, we present antibody responses, in terms of anti-S
total immunoglobulins, assessed 28 days after comple-
tion of vaccination schedule, and neutralising antibody
activity, assessed 28 days after the first vaccine dose
(T1a) and 28 days after the second vaccine dose (T1b).
Further analyses (e.g., T-cell responses) and timepoints
will be published when available.
Statistical analysis
Quantitative variables were described as mean and stan-
dard deviation (SD) or medians and inter-quartile
ranges (IQR). Categorical variables were presented as
frequencies and percentages. Mann�Whitney U test
and Kruskal-Wallis test were employed to assess differ-
ences in anti-S antibodies and neutralising antibody
activity across groups. Differences in neutralising anti-
body activity between T1a and T1b time points were
assessed by Wilcoxon matched-pairs signed-rank test.
The association between continuous variables was
assessed with Spearman’s rank correlation coefficients
(rho) and by fitting linear regression models after log-
transformation of dependent variables. Being this study
an exploratory analysis, formal sample size estimation a
priori was not performed. Analyses were performed
with Prism 9 (GraphPad Software 2021) and Stata 17
(StataCorp. 2021).
Results
In the study period, 71 PLWHIV receiving mRNA-1273
prime and boost vaccinations 4 weeks apart were
enrolled. Participants were mostly male (60, 84¢5%),
with a mean age of 47 years (standard deviation SD 8).
All participants self-reported white ethnicity and all
were receiving suppressive ART with a median CD4+ T
cell count of 747¢0 cells per µL (IQR 593-942). All 71
PLWHIV completed the vaccination schedule. Demo-
graphics and clinical characteristics of enrolled
PLWHIV are displayed in Table 1. Among the 10 HDs,
men were 7 (70%) and the mean age was 58 years (SD
8). All 10 HDs received mRNA-1273 prime and boost
vaccinations 4 weeks apart and completed the vaccina-
tion schedule.

Nine PLWHIV (12¢7%) and 2 HDs (20%) had a his-
tory of COVID-19, confirmed by anti-SARS-CoV-2
nucleocapsid antibodies (anti-N) titres assessed at T0.
As expected, anti-N antibodies were detectable only in
COVID-19-experienced PLWHIV (p<0¢0001, median
4¢19 COI IQR [1¢61-30¢18]) and not in COVID-19-naÿve
PLWHIV (median 0¢08 COI IQR [0¢07-0¢08]), and
their titres were similar to those observed in COVID-19-
experienced HDs (p=0¢9, median 8¢16 COI IQR [0¢07-
90¢20]) (Figure 1A).

All (N=71) participants living with HIV as well as all
(N=10) healthy donors included in our cohort achieved
positive anti-S antibody titres at T1b. Anti-S antibodies
were higher in COVID-19-experienced PLWHIV
(p=0¢0007, median 12500 U/mL IQR [5704->12500])
than in COVID-19-naÿve PLWHIV (median 2437
U/mL IQR [1485-4526]) but did not differ to those
observed in COVID-19-experienced HDs (p=0¢09,
median 1077 U/mL IQR [702-7551]) (Figure 1B). Univar-
iate analysis was performed to assess the association
between demographic, clinical and virological variables
at T0 and anti-S antibodies titres at T1b. Overall, only
CD4+ T cell count groups and having positive anti-N
serology were factors associated with anti-S antibodies
titres (Table 2).
www.thelancet.com Vol xx Month xx, 2021



Variable PLWHIV (n=71)

Sex

Male 60 (84¢5%)

Female 11 (15¢5)
Age, (years)* 47 (13)

On antiretroviral therapy 71 (100%)

InSTI 55 (77¢5%)

NNRTI 9 (12¢3%)

PI 10 (14%)

NRTI Backbone 64 (90¢1%)

TDF-TAF/FTC-3TC 44 (62%)

ABC/FTC-3TC 12 (17%)

3TC-FTC 8 (11¢3%)

Plasma HIV viral load, (copies/mL) <50¢0x
CD4+ T cell count per µL 747 (593-942)

<350 per µL 6 (8¢4%)

350-500 per µL 7 (9¢8%)

>500 per µL 58 (81¢7%)

CD4+ T cell count percentage 34 (25-42)

CD4+ T/CD8 cells ratio 0¢84 (0¢49-1¢2)
CD4+ T/CD8 ratio >=1 32 (45%)

CD4+ T/CD8 ratio >=0¢4 57 (80¢3%)

Optimal immunologic responsey 29 (40¢8)
HCV-Ab positive 5 (7%)

HBsAg positive 2 (2¢8%)

Years since diagnosis 4 (1¢5-12)
CD4+ T cell count per µL at nadir 278 (82-404)

Plasma HIV viral load at zenith 115150 (30424-219644)

AIDS diagnosis 19 (26¢8%)

CMV IgG positive 38 (53¢5%)

SARS-CoV-2 anti-N Ig positive 9 (12¢3%)

Table 1: Demographics and clinical characteristics of PLWHIV
vaccinated with mRNA-1273. Data are expressed as n (%) or
median (IQR) except when stated otherwise.
PLWHIV, people living with HIV; NRTIs, nucleoside reverse transcriptase

inhibitors; InSTIs, integrase strand transfer inhibitors; NNRTIs, non-

nucleoside reverse transcriptase inhibitors; PIs, protease inhibitors; HCV,

hepatitis C virus; HBsAg, hepatitis B surface antigen; CMV, cytomegalovi-

rus; anti-N, anti-nucleocapsid protein.

* mean (standard deviation).
x All viral loads were lower than 50 RNA copies per mL of plasma

except for 5 patients who had, respectively, 2930000, 201, 176, 93 and 85

copies per mL.
y Optimal immunologic response was defined as: CD4+ T/CD8

ratio�1 plus CD4+ T�500cells/µL plus CD4+ T%�30%.
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All (N=71) participants living with HIV as well as all
(N=10) healthy donors included in our cohort showed
neutralizing activity of antibody in sera. At T1a we
observed that the activity was higher in COVID-19-expe-
rienced PLWHIV (median 6481 IQR [1188-10346]) than
in COVID-19-naÿve PLWHIV (p<0¢0001, median 157
IQR [98-273]), but was not different to those observed
in COVID-19-experienced HDs (p=0¢09, median 1077
IQR [702-7551]) (Figure 2A). The same results were con-
firmed at T1b, where we observed a higher neutralising
antibody activity in COVID-19-experienced PLWHIV
www.thelancet.com Vol xx Month xx, 2021
(median 10888 IQR [2478-14416]) compared to
COVID-19-naÿve PLWHIV (p=0¢0007, median 1192
IQR [742-2421]). Again, the ND50 calculated for
COVID-19-experienced PLWHIV at T1b was compara-
ble to the ND50 obtained in COVID-19-experienced
HDs (p=0¢99, median 20959 U/mL IQR [10060-
31857]) (Figure 2B). As expected, the neutralising activ-
ity of antibodies elicited by vaccination increased
between T1a and T1b in both PLWHIV (p<0¢0001,
median 182 [IQR 102-332] vs 1567 [IQR 789-3531]) and
HDs (p=0¢01, median 290 [IQR 81-6265] vs 2112 [IQR
719-8889]) (Figure 3A-3B). As with anti-S antibodies,
only CD4+ T cell count groups and anti-N positive serol-
ogy were associated with neutralising antibody activity
(Table 3).

When stratified according to the CD4+ T cell count
(<350 cells/mL, 350-500 cells/mL, >500 cells/mL) at the
time of vaccination, we observed that this parameter did
not influence vaccine-induced antibody response.
Indeed, anti-S antibody titres in PLWHIV (6/71, median
2173 U/mL [IQR 987-4109]; 7/71, 5763 IU/mL [IQR
4801->12500]; 58/71, 2449 U/mL [IQR 1524-5704])
were not different to those observed among HDs
(median 1425 U/mL [IQR 599-6131]) (Figure 4A). Simi-
larly, the ND50 was also comparable in all the PLWHIV
groups at T1b (6/71, median 1314 [IQR 606-2477]; 7/71,
3329 IU/mL [IQR 1905-10508]; 58/71, 1227 U/mL
[IQR 761-3032]) as well as in HDs (median 2112 U/mL
[IQR 719-8889]) (Figure 4B).

Correlations between continuous variables are
depicted in supplementary figure 1. Nadir CD4+ T cell
count showed a positive correlation with current CD4+
T cell count, CD4+ T cell percentage and CD4+ T/CD8
+ ratio at time of enrolment (rho: 0¢59, 0¢48 and 0¢38,
respectively). Moderate correlations were also
highlighted between anti-N antibody titres and anti-S
antibody titres and neutralising antibody activity at T1a
and T1b (rho: 0¢29, 0¢36 and 0¢36, respectively). Of
note, a strong correlation between anti-S antibody titres
and antibodies neutralizing activity both at T1a (slope:
2¢8 activity times per ten-fold anti-S increase, 95%CI
1¢9-4¢3) and T1b (4¢7, 95%CI 3¢0-7¢2) was observed (sup-
plementary figure 2) among PLWHIV COVID-19-naÿve.
Discussion
The results of our cohort study show that the vaccina-
tion with mRNA-1273 vaccine given 4 weeks apart pro-
duced equivalent immune responses, assessed in terms
of anti-S antibody titres and neutralising antibody activ-
ity, in PLWHIV, who are well controlled on ART, with
stable viral suppression and good CD4+ T cell, counts,
compared with a similar adult population without HIV
infection. Higher anti-S antibody titres and neutralising
antibody activity are observed in PLWHIV with previous
SARS-CoV-2 infection compared to those naÿve for
COVID-19. None of the demographic and clinical
5



Figure 1. Serological response to infection by SARS-CoV-2 and vaccination with mRNA-1273 in people living with HIV.
SARS-CoV-2 anti-N total Ig at enrolment (A) and anti-S antibodies 28 days after completion of vaccination schedule (B) in people

living with HIV. Comparison with healthy donors. Box and whiskers showing median values, 95% CIs and min to max. Statistics were
calculated using Kruskal-Wallis test with Dunn's multiple comparisons test. Exact numbers of participants for each group are indi-
cated in the corresponding results paragraph.

COI= Cut-Off Index; PLWHIV=people living with HIV; HDs=healthy donors.

Variable Subjects
(n)

Anti-S1 (U/mL)
median (IQR)

p-value

Sex* 0¢55
Male 60 2746 (1601-6015)
Female 11 2247 (1510-5763)

Age (years)° 0¢46
<35 17 2948 (2105-5349)
35-50 22 2644 (1445-5763)
50-60 22 2077 (1073-5111)
>60 10 2915 (1924 -9454)

Antiretroviral therapy° 0¢88
NRTI 63 2474 (1566-5763)
InSTI 54 2467 (1546-5171)
NNRTI 9 2683 (1170-12500)
PI 9 2999 (670-6358)

Plasma HIV viral loadx 71
(slope; 95% CI) (0¢66; 0¢35,1¢26) 0¢20
CD4+ T cell count per

µL°
0¢02

<350 per µL 6 2173 (987-4109)
350-500 per µL 7 5763 (4801-12500)
>500 per µL 58 2449 (1524-5704)

CD4+ T cell count
percentagex

71

(slope; 95% CI) (0¢99; 0¢97,1¢01) 0¢31
CD4+ T/CD8 ratio

>=1*
0¢14

No 39 2948 (1877-6086)
Yes 32 2195 (1492-4478)

CD4+ T/CD8 ratio
>=0¢4*

0¢68

No 14 3746 (1031-6146)
Yes 57 2474 (1575-5111)

Optimal immunologic
responsey,*

0¢06

No 42 3174 (1836-6157)
Yes 29 2143 (1445-3361)

HCV-Ab* 0¢38
Negative 59 2490 (1575-5349)

Table 2 (Continued)

Variable Subjects
(n)

Anti-S1 (U/mL)
median (IQR)

p-value

Positive 5 6701 (2644-9274)
HBsAg* 0¢21
Negative 62 2702 (1601-6015)
Positive 2 1474 (1071-1877)

Years since diagnosisx 69
(slope; 95% CI) (0¢99; 0¢97,1¢01) 0¢38
(CD4+ T cell count per

µL)[2] at nadirx
69

(slope; 95% CI) (1¢00; 0¢89,1¢13) 0¢96
Plasma HIV viral load

at zenithx
69

(slope; 95% CI) (1¢03; 0¢73,1¢46) 0¢86
AIDS diagnosis* 0¢50
No 31 2579 (1794-6086)
Yes 19 2721 (1031-5349)

CMV IgG* 0¢96
Negative 5 2771 (2474-3696)
Positive 38 2475 (1510-5763)

Anti-N* <0¢001
Negative 61 2437 (1485-4526)
Positive 9 12500 (5704->12500)

Table 2: Association between clinical and serologic variables of
PLWHIV and anti-S antibody titres at 28 ? days since the second
dose of mRNA-1273 vaccine.
CI, confidence interval; NRTIs, nucleoside reverse transcriptase inhibi-

tors; InSTIs, integrase strand transfer inhibitors; NNRTIs, non-nucleoside

reverse transcriptase inhibitors; PIs, protease inhibitors; HCV, hepatitis C

virus; HBsAg, hepatitis B surface antigen; CMV, cytomegalovirus; anti-N,

anti-nucleocapsid protein.
y Optimal immunologic response was defined as: CD4+ T/CD8 ratio�1

plus CD4+ T�500cells/µL plus CD4+ T%�30%. Statistics calculated

using

* Mann�Whitney U test,
° Kruskal-Wallis test or
x Spearman’s rank correlation coefficients.
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Figure 2. Neutralising antibody activity elicited by vaccination with mRNA-1273 in people living with HIV.
Neutralising antibody activity (ND50) elicited by vaccination with mRNA-1273 in people living with HIV at time of second vaccine

shot (A) and 28 days since completion of vaccination schedule (B). Comparison with healthy donors. Box and whiskers showing
median values, 95% CIs and min to max. Statistics were calculated using Kruskal-Wallis test with Dunn's multiple comparisons test.
Exact numbers of participants for each group are indicated in the corresponding results paragraph.

PLWHIV=people living with HIV; HDs=healthy donors.

Variable Subjects
(n)

Neutralising
antibody
activity (ND50)

p-value

Sex* 0¢50
Male 60 1513 (789-3531)

Female 11 1225 (700-2516)

Age (years)° 0¢48
<35 17 1608 (924-2897)

35-50 22 1752 (719-4291)

50-60 22 1041 (741-1609)

>60 10 2492 (877-5228)

Antiretroviral therapy° 0¢36
NRTI 65 1567 (769-3531)

InSTI 55 1419 (771-3437)

NNRTI 8 525 (130-5158)

PI 10 1154 (363-3335)

Plasma HIV viral loadx 71

(slope; 95% CI) (0¢81; 0¢38,1¢71) 0¢57
CD4+ T cell count per

µL°
0¢03

<350 per µL 6 1314 (606-2477)

350-500 per µL 7 3329 (1905-10508)

>500 per µL 58 1227 (761-3032)

CD4+ T cell count

percentagex
71

(slope; 95% CI) (0¢98; 0¢96,1¢00) 0¢11
CD4+ T/CD8 ratio

>=1*

0¢94

No 39 1828 (807-5142)

Yes 32 1119 (756-1903)

CD4+ T/CD8 ratio

>=0¢4*
0¢55

No 14 1588 (935-3561)

Yes 57 1250 (771-3437)

Optimal immunologic

responsey,*
0¢07

No 42 1824 (826-5142)

Yes 29 1159 (745-1827)

HCV-Ab* 0¢88
Negative 59 1567 (771-3437)

Table 3 (Continued)

Variable Subjects
(n)

Neutralising
antibody
activity (ND50)

p-value

Positive 5 2516 (675-4291)

HBsAg* 0¢32
Negative 62 1598 (771-3501)

Positive 2 861 (719-1004)

Years since diagnosisx 71

(slope; 95% CI) (0¢98; 0¢96,1¢01) 0¢23
(CD4+ T cell count per

µL)[2] at nadirx
71

(slope; 95% CI) (0¢99; 0¢86,1¢14) 0¢89
Plasma HIV viral load

at zenithx
71

(slope; 95% CI) (1¢09; 0¢72,1¢64) 0¢68
AIDS diagnosis* 0¢83
No 31 1567 (864-3437)

Yes 19 1393 (674-3501)

CMV IgG* 0¢84
Negative 5 935 (741-2137)

Positive 38 1406 (719-3157)

Anti-N* <0¢001
Negative 9 1192 (742-2421)

Positive 61 10888 (2478-14416)

Table 3: Association between clinical and serologic variables of
PLWHIV and neutralising antibody activity (ND50) since the
second dose of mRNA-1273 vaccine.
CI, confidence interval; NRTIs, nucleoside reverse transcriptase inhibi-

tors; InSTIs, integrase strand transfer inhibitors; NNRTIs, non-nucleoside

reverse transcriptase inhibitors; PIs, protease inhibitors; HCV, hepatitis C

virus; HBsAg, hepatitis B surface antigen; CMV, cytomegalovirus; anti-N,

anti-nucleocapsid protein.
y Optimal immunologic response was defined as: CD4+ T/CD8

ratio�1 plus CD4+ T�500cells/µL plus CD4+ T%�30%. Statistics calcu-

lated using

* Mann�Whitney U test,
° Kruskal-Wallis test or
x Spearman’s rank correlation coefficients.
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Figure 3. Increase in neutralising antibody activity during vaccination schedule with mRNA-1273.
Matched values of neutralising antibody activity elicited by vaccination with mRNA-1273 at time of second vaccine shot (T1a)

and 28 days since completion of vaccination schedule (T1b) in people living with HIV (A) and HDs (B). Before-after graph with
matched individuals, each point represents a single participant. Statistics calculated using Wilcoxon match signed-rank test.

PLWHIV=people living with HIV; HDs=healthy donors.

Figure 4. Serologic responses elicited in people living with HIV stratified according to the CD4+ T cell count.
Anti-S antibodies (A) and neutralising antibody activity (B) 28 days after completion of vaccination schedule with mRNA-1273 in

people living with HIV, stratified according to CD4+ T cell count (<350 cells/mL, 350-500 cells/mL, >500 cells/mL). Comparison with
healthy donors. Box and whiskers showing median values, 95% CIs and min to max. Statistics calculated using Kruskal-Wallis test
with Dunn's multiple comparisons test. Exact numbers of participants for each group are indicated in Table 2 and Table 3.

COI= Cut-Off Index; PLWHIV=people living with HIV; HDs=healthy donors.
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variables analysed, with the exception of a previous
SARS-CoV-2 infection, had a significant impact on the
humoral immunologic responses assessed in our study.

Our data agree with those provided by Frater and col-
leagues,9 that highlighted how PLWHIV who are on
effective ART with suppressed viral loads and high CD4
+ T cell counts (>350 cells per mL) do not have dimin-
ished humoral responses to the ChAdOx1 nCoV-19
prime-boost vaccine. In the case of our cohort, no differ-
ences were seen also in PLWHIV with CD4+ T cell
count below 350 cells per mL, even though the sample
size of this subgroup was limited. Notably, our study is
the first where PLWHIV receiving the COVID-19 vac-
cine were stratified for the CD4+ T cell count at the
time of vaccination. Works focusing on the response to
mRNA-based COVID-19-vaccines among PLWHIV are
provided in two Americans and one Israeli cohorts. In
the first one, 12 PLWHIV were vaccinated with
BNT162b2, showing values of anti-S antibodies, neutral-
ising antibody activity and cellular immune responses,
comparable to those observed in healthy donors.10 Of
note, 11 of 12 PLWHIV in this study were African Amer-
ican, and none had a previous SARS-CoV-2 infection.
In the second one, five PLWHIV received BNT162b2
www.thelancet.com Vol xx Month xx, 2021
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and nine mRNA-1273, but only anti-S antibody titres
were assessed, with values comparable to those reported
in the HIV-uninfected population.12 In the third one,
143 PLWHIV were vaccinated with BNT162b2, with
anti-S antibodies and neutralising antibodies detected
in 98% and 97% of participants, respectively.11 Of note,
only three patients in this study had a current CD4+ T
cell count <200 cells per µL, but all of them developed
high levels of anti-spike antibodies and neutralising
antibodies in response to immunization. Moreover, the
timeframe of blood sampling was not homogenous.
Indeed, anti-S antibodies titre was assessed on average
18 days after the second dose, whereas neutralising
antibody activity was ascertained on average 26 days
after the second dose. In our study, serology and neu-
tralization assays were performed the same day after
vaccination, thus giving a precise description of the neu-
tralizing activity of the determined antibody titre.

To understand the immunization results obtained in
our cohort, immunologic determinants to SARS-CoV-2
infection in PLWHIV should be considered. Alrubayyi
et al., in their preprint, characterized the humoral and
SARS-CoV-2-specific T cell responses in this popula-
tion, showing that the overall magnitude of SARS-CoV-
2-specific T cell responses was associated with the size
of the naÿve CD4+ T cell pool and the CD4+/CD8+ T
cell ratio.15 Instead, the magnitude of cellular immune
responses only showed a weak correlation with anti-N
antibody titres but not with anti-S antibody titres. In our
cohort the majority of patients have an optimal immu-
nologic response and a high CD4+ T/CD8+ ratio, there-
fore adequate SARS-CoV-2-specific T cell responses are
expected and are currently under evaluation. It remains
to be verified whether in the setting of vaccination, with-
out the immunologic perturbances caused by COVID-
19, humoral and cellular immune responses correlate to
each other.

It is worthy of note the fact that all the PLWHIV
enrolled in our study achieved detectable humoral
responses. It is possible to speculate that this result could
be related to the viral suppression achieved in almost all
patients. Indeed, several studies have highlighted how B
cells taken from patients with high levels of HIV plasma
viremia are defective in their proliferative responses to vari-
ous stimuli and HIV-associated premature exhaustion of B
cells may contribute to poor antibody responses in infected
individuals.16,17 Furthermore, early initiation of ART in
PLWHIV has been associated with a better functional pro-
file in memory B-cell responses to HIV and non-HIV anti-
gens and control of HIV viremia has been linked with the
normalization of activated B cell subsets, which allows age-
dependent accumulation of restingmemory B cells.8,18

The greatest limitation of our study is represented by
the small sample size and the limited number of
severely immunocompromised PLWHIV. Indeed, only
six participants have less than 350 CD4+ T cells per mL,
with the lowest count per mL recorded being 180, and
www.thelancet.com Vol xx Month xx, 2021
the majority have achieved an OIR (optimal immuno-
logic response, CD4+ T/CD8 ratio�1 plus CD4+
T�500cells/µL plus CD4+ T%�30%) (54/71, 80¢4%).
Nonetheless, we did not find a lower response in the
<350 cells/ mL group nor a monotonic trend across
CD4+ T cell groups. Moreover, our cohort reflects the
characteristics of the majority of HIV outpatients in
Italy: receiving ART, with effective viro-suppression and
good CD4+ T cell values, thus being a realistic bench-
mark for real-life practice. Two other great limits of our
study are the absence of a concomitant analysis of the
cellular immune responses and the short follow-up. We
are therefore working on a follow-up study assessing
both humoral and cellular immune response at 3, 6 and
12 months after vaccination. Lack of individuals with
un-suppressed HIV replication in our cohort prevents
us from evaluating the effect of HIV uncontrolled infec-
tion on vaccine response. However, our data demon-
strate that HIV infection per se does not limit the initial
antibody response to the mRNA-1273 vaccine. Numer-
ous studies have shown the effect of ART on vaccine-
induced immunity against other pathogens (e.g., mea-
sles, polio and rabies) in HIV-infected patients. Simi-
larly, the use of effective ART could explain the
observed similarities between PLWH and HD individu-
als in our study. Finally, we did not assess the impact of
vaccination on CD4+ T cell count and HIV viral load. A
previous study by Levy et al. found, in their cohort of
PLWHIV vaccinated with BNT162b2, a decrease in
CD4+ T cell count between baseline levels and those
measured following the first and second vaccine admin-
istration, as well as four months after the second shot.11

Of note, in one patient enrolled in the study with stable
viral suppression and adequate drug plasma values we
observed a transient increase in HIV viral load,19 sug-
gesting that as already described in the literature with
other vaccines,20,21 immunization in PLWHIV can
induce transient increases in HIV-RNA.

Acknowledging the small sample size, the findings
of our observations do not support dose or schedule
adjustment in the vaccination of PLWHIV on ART with
a well-controlled disease (stable undetectable viremia).
We cannot exclude that lower immune responses to vac-
cination can be found in PLWHIV with very low CD4+
T cell count (e.g., below 200 cells per mL), as observed
for other vaccines.22,23 It is reassuring that, at least in
our observation time, CD4+ T cell count did not affect
the antibody response to vaccination. Moreover, the
higher anti-S antibody titres and neutralising antibody
activity observed among COVID-19-experienced
PLWHIV, suggest that also in this population vaccina-
tion can boost the immunity obtained through natural
infection. The study was not planned to assess vaccine
efficacy in PLWHIV, nonetheless, the immune
responses observed are comparable to those highlighted
in people without HIV infection, where mRNA-1273 has
shown high efficacy in preventing COVID-19 and thus
9
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we could speculate an equal efficacy in preventing
COVID-19 among PLWHIV. Nonetheless, specific stud-
ies designed to verify efficacy among PLWHIV are
needed to confirm this assumption.

Several pieces of evidence suggest that duration of
seroprotection after vaccination is shorter in PLWHIV
compared to uninfected individuals.24 Future research
should aim to assess the kinetics of humoral response,
to compare it with those displayed by individuals with-
out HIV infection and verify the need for additional vac-
cine shots, and inquiry the cellular arm of the immune
system. Moreover, further data should be provided
regarding the immune response in the subset of
PLWHIV with severe depletion of CD4+ T cell (e.g.,
below 200 cells per mL), which are also those who may
benefit the most from vaccination, and those with
uncontrolled viral infection (i.e., those viremic). Finally,
the impact of COVID-19 vaccination on HIV viral load
and CD4+ T cell count in patients with stable viral sup-
pression should be verified.
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