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a b s t r a c t 

Background: This study aimed to compare the humoral responses to mRNA COVID-19 vaccination in peo- 

ple living with HIV (PWH) and HIV-negative individuals. 

Methods: We included PWH with an undetectable viral load under ART and HIV-negative participants 

from the French nationwide ANRS COV-POPART cohort who had received two doses of vaccine as a pri- 

mary vaccination. We compared humoral response between controls and PWH, stratified by CD4 cell 

count ( < 200/mm3 and ≥200/mm3 CD4 cell counts) at 1, 6, and 12 months after primary vaccination. 

Results: A total of 1776 participants were included in this analysis, 684 PWH (99% were on ART, me- 

dian CD4 counts 673 cells/mm3 ) and 1092 controls. At 1 month, after adjustment on age, sex, and BMI, 

PWH had lower seroneutralization titers than controls, and PWH with < 200 CD4 cell/mm3 had lower 

anti-Spike SARS-CoV-2 IgG antibodies. Same results were found at 6 months. However, in participants 

who received a booster dose between 6 and 12 months postprimary vaccination, we did not observe 

differences between PWH and controls at 12 months. 

Conclusion: PWH had high responses to primary mRNA COVID-19 vaccination. In those who received a 

booster dose after 6 months, the humoral response at 12 months increased to similar levels to controls, 

even in those with low CD4 counts at baseline. 

© 2024 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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People living with HIV (PWH) are historically considered to 

ave a lower and shorter response to vaccines compared to HIV- 

egative individuals [ 1 , 2 ]. These findings have led to recommenda- 

ions for the use of vaccine regimens with higher antigen doses or 

djuvants, exemplified by the recommendations for enhanced hep- 

titis B vaccination [ 3-6 ]. 

Besides known factors such as age and sex, markers of immuno- 

uppression such as the nadir of CD4 T cell counts, CD4 T cell 

ounts, and HIV viral load at vaccination, are the main predictive 

actors of vaccine response in PWH [ 7 , 8 ]. 

In the era of broad access to combined antiretroviral thera- 

ies (ART) and high compliance to ART in high-income countries, 

here is still uncertainty on differences in vaccine response be- 

ween PWH and HIV-negative people. As an example, recent stud- 

es in PWH with CD4 cell counts above 350/mm3 , and undetectable 

IV-RNA showed similar 1 and 5-year immunogenicity following 

ellow fever vaccination compared to healthy controls [ 9 ]. Recent 

eta-analyses showed that short-term immunogenicity following 

he COVID-19 vaccine primary series is slightly lower in PWH than 

ontrols, especially those with lower CD4 cell counts [ 8 , 10 ]. 

In France, the COVID-19 pandemic provided the opportunity to 

accinate a high portion of PWH, who were initially deemed to be 

t risk of severe forms of COVID-19, along with the general pop- 

lation. Both groups received the same vaccines and vaccination 

chedules, primarily consisting of mRNA COVID-19 vaccines. 

We aimed to (i) compare the humoral response in PWH with 

uppressed HIV viral load with HIV-negative controls 1 and 6 

onths after mRNA COVID-19 primary two-dose vaccination, and 

t 12 months in those who received one mRNA vaccine booster 

ose, (ii) compare the neutralizing activity against variants of con- 

ern in a subset of PWH and HIV-negative controls. 

ethods 

tudy design 

ANRS0 0 01S-COV-POPART (NCT04824651) is a multicenter 

rospective cohort study conducted in France, assessing the hu- 

oral immune response to COVID-19 vaccination in 11 specific 

opulations and a control group. Participants from the ANRS0 0 01S 

OV-POPART were included between March 25, 2021, and Decem- 

er 31, 2021, and followed for 24 months. The study design is fur- 
2

her described in Supplementary Materials (Methods/Description 

f the ANRS0 0 01S COV-POPART cohort) and previous publications 

 11 , 12 ]. 

In this study, we present the results of the cohort for up to 12 

onths. 

articipants 

In this study, we included PWH and HIV-negative control par- 

icipants who received two doses of mRNA COVID-19 vaccines 

BNT162b2 or mRNA-1273) 4 weeks apart as a primary vaccina- 

ion, and whose antibody responses at 1 month after the second 

ose were available. 

PWH with detectable HIV-RNA or other chronic conditions (e.g., 

iabetes mellitus, obesity, or immunosuppression [solid cancer, 

olid organ transplant]) known to impact the vaccine response [ 13 ] 

ere excluded. The details on the chronic conditions are displayed 

n Supplementary Table 1. 

Participants with COVID-19 infection defined as positive SARS- 

oV-2 anti-nucleocapsid (NCP) antibodies or virologically con- 

rmed COVID-19 before vaccination were excluded from the pri- 

ary analyses. SARS-CoV-2 NCP antibodies were tested at each 

isit. Those with COVID-19 (virologically confirmed COVID-19 or 

ositive NCP antibodies) during the follow-up were excluded from 

he subsequent analysis to describe vaccine-induced responses 

nly. Complementary results, including these participants are pre- 

ented in Supplementary Table 2. 

amples collection and laboratory assays 

Serum samples were collected at inclusion and 1-, 6- and 12- 

onths postsecond dose of COVID-19 vaccination. The samples an- 

lyzed as part of the study were managed and stored within the 

Biobanque ANRS” before being sent for serological analyses to 

he “Unité des virus émergents” (Aix-Marseille Université, Institut 

e Recherche pour le Développement 190, Inserm 1207, Institut 

ospitalo-Universitaire Méditerranée Infection—Marseille, France). 

etails on laboratory assays are available in Supplementary Mate- 

ials (Methods/Laboratory Assay). 

utcomes 

The main outcomes, compared between PWH and controls, 

ere the raw percentage of responders (positive anti-Spike SARS- 

http://creativecommons.org/licenses/by/4.0/
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oV-2 IgG antibodies [ELISA], as defined by EuroImmun serol- 

gy), geometric mean titers of anti-Spike SARS-CoV-2 IgG antibod- 

es expressed in BAU/mL, and anti-SARS-CoV-2 specific neutraliz- 

ng antibodies (nAbs) ( in vitro neutralization assay for the orig- 

nal SARS-CoV-2 strain) at 1 month (21-56 days), at 6 months 

 + /−30 days) and at 12 months ( + /−30 days) after the second

ose of the primary vaccination regimen in those who received a 

accine booster dose after 6 months. Seroneutralization was per- 

ormed only in participants with positive anti-Spike or anti-RBD 

ARS-CoV-2 IgG antibodies. For undetectable antibodies, half of 

he detection cut-off was imputed (i.e., 17.6 BAU/mL for anti-Spike 

ARS-CoV-2 IgG antibodies and a titer of 10 for seroneutralization 

ntibodies). 

Proportions of responders and geometric mean titers of anti- 

pike SARS-CoV-2 IgG antibodies and anti-SARS-CoV-2-specific 

Abs were estimated according to CD4 cells count ( < 200/mm3 and 

200/mm3 CD4 cell count) in PWH, at 1 and 6 months after pri- 

ary vaccination and at 12 months after primary vaccination in 

hose who received a booster after 6 months. 

In vitro neutralization assays for the original SARS-CoV-2 strain 

nd Delta and Omicron BA.1 variant were assessed in a subset of 

WH and controls (the first 50 participants included in each group 

nd having a positive serology [Spike or RBD] 1 month after the 

econd dose). 

tatistical analyses 

The proportions of responders and their 95% confidence inter- 

als (95% CI) were estimated using the Wilson score. The geomet- 

ic mean of antibody titers and their 95% CI were estimated us- 

ng a Student distribution. Humoral responses were compared be- 

ween PWH and controls at 1, 6, and at 12 months only in those 

ho received an mRNA booster dose after the 6-month visit using 

hi-square tests and Student’s t -tests on log-transformed values of 

ntibody titers. 

Furthermore, we assessed the humoral response at 1 month 

ollowing primary vaccination in PWH and controls using lin- 

ar regression models. Separate models were used for anti-Spike 

nd seroneutralization antibodies. The following variables were in- 

luded in the models: a qualitative variable with 3 modalities 

 < 200 CD4 cells/mm3 , ≥200 cells/mm3 , controls) an indicator vari- 

ble allowing to compare controls with PWH with < 200 CD4 

ells/mm3 , and those with ≥200 cells/mm3 , sex (M/F), age (in 

ears), BMI (underweight, normal, overweight) allowing for an ad- 

usted comparison between PWH and controls. The response vari- 

bles were log-transformed to respect underlying model assump- 

ions. Model predictions were used to plot antibody titers by PWH 

D4 groups and controls and by age for men and women sepa- 

ately in those with normal BMI. All statistical analyses were con- 

ucted with SAS (version 9.4). 

thics 

Written informed consent was obtained from each participant 

efore enrollment, taking into account the GDPR (European Union 

eneral Data Protection Regulation) requirements. The protocol (N °
udraCT/ID-RCB: 2021-A00348-33) was conducted in accordance 

ith the Declaration of Helsinki and the French law for research 

nvolving human subjects (known as Loi Jardé). The protocol was 

pproved by Ethics Committees: the Committee for protection of 

ersons engaged in Research “CPP Nord-Ouest IV” (file number: 

1.02.12.47147) and the National Commission for Data Protection 

CNIL” (Commission Nationale Informatique et Liberté, authoriza- 

ion number 921111v1). 
3

esults 

haracteristics of participants 

Overall, 1776 participants were included in this analysis, 684 

WH, and 1092 controls ( Figure 1 ). The median age was 51.2 years 

interquartile range: 40.9-59.1) and 1061 (59.7%) were male. PWH 

ere older than controls, more frequently males, and had more 

requently CRP levels above the threshold limit ( Table 1 ). 

Among PWH, 99% were on ART (10 participants were “elite con- 

rollers”), and median CD4 count was 673 (496-856) cells/mm3 . 

articipants in both groups mainly received ( n = 1629, 92%) two 

oses of BNT162b2 as the primary vaccination. 

aw humoral response at 1 month in PWH and controls 

The percentage of anti-Spike SARS-CoV-2 IgG antibody respon- 

ers at 1 month after the second dose of COVID-19 vaccine was 

ower in PWH than in controls (98.98% [97.9; 99.5] vs 99.91% [99.5; 

9.9], P = 0.00 6 6). Only seven PWH were nonresponders, 5 of 

hom had a CD4 cell count below 200/mm3 (characteristics of the 

onresponders are displayed in Supplementary Table 3). 

Geometric means titers of anti-Spike SARS-CoV-2 IgG antibod- 

es and anti-SARS-CoV-2-specific nAbs for the original SARS-CoV-2 

train were lower in PWH than in controls (1064.4, 95% CI [989.9- 

144.6] vs 1500.3 95% CI [1435.8-1567.7], P ≤ 0.0 0 01 and 162.1 95% 

I [147.8-177.9] vs 336.0 95% CI [315.7-357.7], P ≤ 0.0 0 01, respec- 

ively). 

Among the 18 PWH with less than 200 CD4 cells/mm3 , 5 

27.8%) had negative anti-Spike SARS-CoV-2 IgG antibodies and 1 

7.7%) had positive anti-Spike antibodies but negative seroneutral- 

zation titers (vs 0.3% and 1.1% in those with ≥200/mm3 ). 

mpact of baseline CD4 T cell count in humoral response to two 

oses of COVID-19 vaccines in PWH 

After adjustment for age, sex, and BMI, anti-Spike SARS-CoV- 

 IgG antibodies were similar to those of controls in PWH 

ith CD4/mm3 cell counts above 200. Conversely, PWH with a 

D4/mm3 cell count below 200 had a lower level of anti-Spike 

ARS-CoV-2 IgG antibodies than controls. While serum neutraliza- 

ion titers were higher in controls than in PWH, whatever the CD4 

ell count at the time of vaccination, these titers were higher in 

WH with a CD4 count > 200 compared with those with a count 

 200 ( Figure 2 ). Furthermore, anti-Spike SARS-CoV-2 IgG antibod- 

es and seroneutralization titers against the original SARS-CoV-2 

train 1 month after the second dose were higher in women and 

ecreased with age in both sexes, both in controls and in PWH. The 

stimated parameters of the linear regression models are displayed 

n Supplementary Tables 4 and 5. 

aw humoral response at 6 and 12 months in PWH and controls who 

eceived a booster dose after 6 months 

At 6 months after the second dose of vaccine, before the 

ooster dose, geometric mean titers of anti-Spike SARS-CoV-2 

gG antibodies and anti-SARS-CoV-2-specific nAbs for the origi- 

al SARS-CoV-2 strain were lower in PWH than in controls (133.3 

123.2-144.1] vs 197.7 [186.2-209.9], P ≤ 0.0 0 01 and 43.7 [39.7- 

8.1] vs 64.9 [59.4-71.1], P ≤ 0.0 0 01, respectively) ( Figure 3 ). 

iters were slightly but non significantly lower in PWH with CD4 

ount < 200/mm3 compared to PWH with CD4 count > 200/mm3 

 Figure 4 ). 

Overall, 85% of PWH and 82% of controls received an mRNA 

ooster dose after a median time of 6.2 months (6.0; 6.8) and 6.0 
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Figure 1. Flowchart of the participants included in the PWH sub-study of the ANRS COV-POPART cohort. 
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Table 1 

Characteristics of PWH and controls included in the PWH sub-study of the ANRS COV-POPART cohort. 

Characteristics median (IQR) or n (%) PWH Controls 

N = 684 N = 1092 

Age (years) 55.4 (50.0-60.8) 46.3 (36.3-56.2) 

Men 529 (77) 532 (49) 

Body mass index 23.8 (21.8-25.8) 23.4 (21.4-25.9) 

CDC stage 

A 424 (62) - - 

B 112 (16) - - 

C 137 (20) - - 

NA 11 (2) - - 

Antiretroviral therapy 674 (99) - - 

CD4 count at inclusion (cells/mm3 ) 673 (496-856) - - 

CD4 count < 200 cells/mm3 18 (3) - - 

C Reactive Protein at inclusion > 5 mg/L 62 (9) 49 (5) 

Primary vaccination regimen (2 doses) 

BNT162b2 + BNT162b2 645 (94) 984 (90) 

mRNA-1273 + mRNA-1273 37 (5) 100 (9) 

BNT162b2 + mRNA-1273 1 4 (0.5) 

mRNA-1273 + BNT162b2 1 4 (0.5) 

Number of days between the two doses of the primary vaccination regimen 28 (28-38.5) 39 (28-42) 

Number of participants who received a booster dose 580 (85) 897 (82) 

Booster type 

BNT162b2 490 (85) 551 (62) 

mRNA-1273 77 (13) 317 (35) 

Not available 13 (2) 29 (3) 

Number of months between second dose and booster 6.2 (6.0-6.8) 6.0 (5.6-6.2) 

Number of months between booster and sample collection at 12 months 6.3 (6.0-6.7) 6.5 (6.1-6.9) 

PWH, people living with HIV. 

Figure 2. Prediction trends with 95% CI of linear regression analysis for age and sex of anti-Spike SARS-CoV-2 IgG antibody titers and seroneutralization (against original 

strain) at 1 month following mNRA COVID-19 primary vaccination in PWH and controls with normal BMI in the PWH sub-study of the ANRS COV-POPART cohort. 

5
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Figure 3. Median (IQR) and geometric mean (GMT) of anti-Spike SARS-CoV-2 IgG antibody titers at 1, 6, and 12 months following mRNA COVID-19 primary vaccination in 

PWH and controls in the PWH sub-study of the ANRS COV-POPART cohort. 

Figure 4. Median (IQR) and geometric mean (GMT) of anti-Spike SARS-CoV-2 IgG antibody titers at 1, 6, and 12 months following mRNA COVID-19 primary vaccination in 

PWH and controls according to CD4 count level at inclusion in the PWH sub-study of the ANRS COV-POPART cohort. 
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onths (5.6; 6.2) after the second dose, respectively. Characteris- 

ics of PWH and controls according to the receipt of a booster dose 

re displayed in Supplementary Tables 6 and 7. 

In those who received the booster dose, the levels of anti-Spike 

ARS-CoV-2 IgG antibodies at 12-month after the second dose 

ere similar between PWH and controls (639.7 [555.5; 736.6] vs 

92.3 [526.2; 6 6 6.8] P = 0.4109) ( Figure 3 ), whereas nAbs for the

riginal SARS-CoV-2 strain were significantly higher in PWH (384.4 

309.8; 477.0] vs 273.9 [226.6; 331.1] P = 0.0203). There was no 

ifference according to the baseline CD4 count level ( Figure 4 ). 

We found similar results when including participants with pos- 

tive SARS-CoV-2 anti-NCP antibodies between inclusion and 12- 

onth visit, with higher levels of anti-Spike antibodies and neu- 

ralization titers overall than in participants with negative anti-NCP 

ntibodies (Supplementary Table 2). 

eutralization of VariantsVariants of concern 

Compared to controls, PWH had significantly lower nAbs 

gainst original and Delta strains and nonsignificantly lower nAbs 

iters against Omicron BA.1 strain at 1 month (123.7 vs 188.7, 

 = 0.0448; 57.7 vs 99.0, P = 0.0213 and 12.4 vs 13.9, P = 0.3588)

nd 6 months after the second vaccine dose (35.0 vs 58.6, 

 = 0.0367; 18.3 vs 25.5, P = 0.0682 and 11.2 vs 10.5, P = 0.3525).

The booster dose received after 6 months significantly increased 

he titers of nAbs against original and Delta strains and, to a lower 

xtent, against Omicron in both groups at 12 months (Supplemen- 

ary Figure 1). 

iscussion 

The COVID-19 pandemic allowed, for the first time, the assess- 

ent of the immunological and clinical responses to a new vaccine 

latform, mRNA vaccines, in various populations, naïve to previous 

ntigenic stimulation (infection or vaccination) at the time of pri- 

ary vaccination. 

To our knowledge, this is the largest study to date comparing 

umoral response to COVID-19 mRNA vaccines after both primary 

nd booster vaccination in PWH and controls with standardized 

nd centralized assessment of antibody responses. 

Our population was representative of PWH in high-income 

ountries, primarily males with a median age of around 55 years 

nd high rates of viral load control under c-ART. However, in order 

o have a homogeneous population, we chose to exclude PWH par- 

icipants with uncontrolled HIV viral load (who represented less 

han 5% of the PWH participants in the study, and because vacci- 

ation should be postponed until control of the viral load in these 

atients) or harboring other conditions known to negatively im- 

act the humoral response. Participants with confirmed COVID-19 

efore inclusion or during the follow-up (based on virologically 

onfirmed declared COVID-19 or positive anti-NCP) were excluded 

rom the different analyses in order to assess the humoral response 

o the vaccine only. 

We showed that the percentage of responders to two doses of 

RNA COVID-19 vaccines as a primary vaccination in PWH par- 

icipants was very high (despite a significant but not biologically 

eaningful small difference). In contrast, the quantitative response 

as significantly lower for anti-Spike SARS-CoV-2 IgG antibod- 

es and anti-SARS-CoV-2-specific nAbs for the original SARS-CoV-2 

train compared to controls. 

The model adjusted for age, sex, BMI, and CD4 count confirmed 

hat PWH had lower levels of neutralization titers than controls, 

specially in those with CD4 counts below 200/mm3 . This implies 

he assessment of intensified vaccination protocols to improve the 

umoral response of people with low CD4 counts who need vacci- 

ation without waiting for CD4 restoration. 
7

Advanced age and male sex predicted lower neutralization re- 

ponse in both PWH and controls, per the literature in both COVID- 

9 [ 14 ] and other existing vaccines [ 15 , 16 ]. 

Our results confirm results from a recent meta-analysis showing 

hat PWH demonstrates reduced seroconversion and neutralization 

esponses after primary vaccination when compared with controls 

nd appear to experience more breakthrough infections, especially 

n the context of lower CD4+ T-cell counts [ 8 , 17 , 18 ]. 

Interestingly, receiving a booster dose on average 6 months 

fter the end of the primary vaccination regimen increased 

oth anti-Spike SARS-CoV-2 IgG antibodies and anti-SARS-CoV-2- 

pecific nAbs at 12 months to similar or significantly higher lev- 

ls compared to controls, even in those with CD4 counts below 

00/mm3 at inclusion. Of note, only 7 PWH with CD4 counts < 200 

ere included in the comparison at month 12. 

Our results are in line with other studies on the benefit of a 

ooster dose on immunogenicity in PWH [ 19-21 ] including those 

ith low CD4 count [ 22 ]. However, these studies had a limited 

ostbooster follow-up (4-8 weeks) except for the study by Heftdal 

t al., [ 23 ] which had a follow-up until 11 months after the first

ooster (third dose) and showed similar antibody concentrations 

nd cellular response between PWH and controls. Our data on a 

arge sample of PWH compared to a control group with central- 

zed and standardized analyses and measurements of nAbs add in- 

ormation on the extended benefit (up to 6 months) of this booster 

ose. 

This underlines the fact that PWH generally benefits from 

ooster doses and is in line with what has been showed with the 

ub-optimal immunological response to standard HBV vaccination 

nd the waning of hepatitis B immunity in PWH [ 24 ]. 

Without a clearly defined correlate of protection, it is impos- 

ible to assess whether these biological differences are clinically 

elevant. 

The main limitations of the work are the lack of data on cellular 

esponse and clinical efficacy. This will be addressed in the future, 

s data collected from participants in the COV-POPART study will 

e linked to the French nationwide healthcare data system (https:// 

ww.health-data-hub.fr/), so that the humoral response of PWH 

articipants will be correlated to clinical efficacy on COVID-19 re- 

ated deaths and hospitalizations. Strengths of this multicentric 

tudy include its large sample of PWH, the use of a control group, 

he standardized timeline of assessment, and the standardized cen- 

ralized analyses of the results. 

In conclusion, these results show that PWH receiving ART and 

ith an undetectable viral load have a good response rate but 

n overall lower quantitative humoral response 1 month after re- 

eiving two doses of COVID-19 mRNA vaccines than controls. CD4 

ount below 200/mm3 , age, and male sex negatively impacted this 

esponse. A first booster dose 6 months after the primary vacci- 

ation durably increased this response to levels similar to those 

bserved in controls at 12 months. 
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