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HIV infection is a significant independent risk factor for severe coronavirus disease 2019 (COVID-19) disease and death. We 
summarize COVID-19 vaccine responses in people with HIV (PWH). A systematic literature review of studies from January 1, 
2020, to March 31, 2022, of COVID-19 vaccine immunogenicity in PWH from multiple databases was performed. Twenty-eight 
studies from 12 countries were reviewed. While 22 (73%) studies reported high COVID-19 vaccine seroconversion rates in 
PWH, PWH with lower baseline CD4 counts, CD4/CD8 ratios, or higher baseline viral loads had lower seroconversion rates 
and immunologic titers. Data on vaccine-induced seroconversion in PWH are reassuring, but more research is needed to 
evaluate the durability of COVID-19 vaccine responses in PWH.
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Globally, over 500 million people have been infected with se
vere acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), the causative agent of coronavirus disease 
2019 (COVID-19), with >6 million reported deaths [1]. HIV 
infection has been associated with severe presentation of 
COVID-19 and death [2]. By the end of 2020, ∼38 million peo
ple with HIV (PWH) globally were at risk of severe morbidity 
and mortality from SARS-CoV-2 [3]. PWH with low CD4 
counts or nonsuppressed HIV viral loads (VLs) are at increased 
risk of severe COVID-19 disease when infected with 
SARS-CoV-2 [4]. Excess risk of severe outcomes is also associ
ated with older age and the presence of comorbidities, includ
ing obesity, hypertension, and diabetes, all of which are 
becoming more common in PWH [5]. PWH on antiretroviral 
treatment (ART) with suppressed VLs and CD4 counts 
>200 cells/mm3 appear to have the same risk for severe 
COVID-19 as people who do not have HIV [6].

Since 2020, a number of COVID-19 vaccines have received 
emergency use listing (EUL) by the World Health 
Organization (WHO) [7], and although humoral immune re
sponse as measured by antibody levels to COVID-19 vaccines 
is associated with neutralization titers [8, 9], there remains a 
significant deficit in the understanding of the correlates of 

immune protection and vaccine efficacy or effectiveness. Data 
on antibodies elicited by COVID-19 vaccines in groups with 
immunocompromising conditions are mixed but have general
ly shown lower seropositivity among those who are more pro
foundly immunocompromised [9]. Given the risk for severe 
morbidity, hospitalization, and death in PWH with 
COVID-19, it is important to understand the immunologic re
sponse to COVID-19 vaccines in PWH. We conducted a sys
tematic literature review of the available evidence of 
COVID-19 vaccine immunogenicity and seroconversion rates 
in PWH.

METHODS

Study Design

This systematic review was conducted according to the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA) [10].

Ethics

No formal ethics approval was sought because this study re
trieved and synthesized data from already published studies 
and did not involve the collection or transfer of data, samples, 
or specimens.

Search Strategy

Searches of databases MEDLINE via PubMed, Embase (OVID) 
1988-, Global Health (OVID), Cochrane Library, CINAHL 
(EbscoHost), Scopus, and the WHO Global COVID 
Literature Database were conducted for published and preprint 
articles in the English language from January 1, 2020, to March 
31, 2022. The search was conducted according to a study 
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protocol using a different search strategy for each database 
(Supplementary Data 1). Preprint manuscripts and original re
search articles published in peer-reviewed, scientific journals 
were screened.

Study Selection

A 2-staged screening method was adopted, screening first by 
title and abstract, and then screening the full text of potential
ly eligible articles. For each article identified, the title, ab
stract, and full text were screened independently by 4 
members of the review team (H.M.C., K.M., E.A., and I.Z.), 
with discrepancies resolved after discussion. We included 
randomized trials and observational studies published in 
English that reported data from human participants who re
ceived a COVID-19 vaccine of any emergency use listed by 
the WHO; included PWH of any age, race, or gender; and re
ported data of serologic measurements of either seroconver
sion or serologic titers after COVID-19 vaccination. Studies 
that were duplicates, unavailable as full text, or abstract 
only were excluded.

Data Management

Data were extracted by the same review team members accord
ing to a predetermined proforma in Microsoft Excel, version 
2018. All available key extracted data were reviewed and 
checked for completeness at the end of the data extraction 
phase. Study characteristics comprised setting, study design, 
and sample size criteria. Participant data reviewed included 
HIV and antiretroviral therapy (ART) status, baseline CD4 
count, and HIV VL before or at the time of first COVID-19 vac
cine dose. Intervention-related data included COVID-19 vac
cine type, test interval after the final reported administered 
dose, and the number of subjects receiving each type of vaccine. 
Outcome-related data included seroconversion rate, 
SARS-CoV-2 antibody assay (IgG) to receptor binding domain 
(RBD) titer, unit of IgG antibody measurement, assay type and 
positivity threshold, and whether SARS-CoV-2 variants were 
assessed.

For any studies that had an overlapping group of PWH due 
to follow-up study design [11, 12], the calculation of total num
ber of PWH included in this review did not include the follow- 
up study. For any studies that potentially included the same 
individuals due to drawing from the same data source but for 
which the degree of overlap was not possible to determine 
[13, 14], a lower bound on the total number of patients includ
ed in this review was estimated assuming full overlap.

Risk of Bias

The risk of bias was assessed using the Downs and Black scale 
[15]. Two authors (H.M.C., K.M.) independently performed 
component quality analysis, reviewed all inconsistent assess
ments, and resolved disagreements by consensus.

Statistical Analysis and Data Visualization

Data on humoral immune response were summarized de
scriptively. Seroconversion rates were used to assess vaccine 
effectiveness. For studies that reported seroconversion rates, 
95% confidence intervals were calculated using the Wilson 
score method. Where studies reported seroconversion rates 
for both HIV-positive and HIV-negative individuals, odds 
ratios and corresponding 95% confidence intervals were cal
culated; in the case of studies reporting 0 seronegative cases 
in 1 or both groups, the Haldane-Anscombe continuity- 
corrected odds ratio was calculated by adding 0.5 to each 
cell of the corresponding contingency table. All statistical 
procedures and data visualization were performed in 
Python 3.7.6.

RESULTS

The screening strategy identified 28 articles in total 
(Supplementary Figure 1) reporting outcomes for >3700 vacci
nated PWH.

Study Characteristics

Studies were conducted across different settings including 
South Africa (2 studies) [16, 17], Europe (12 studies) [12, 13, 
18, 19, 20–27], Canada (2 studies) [28, 29], Israel (2 studies) 
[13, 14], the United States (5 studies) [9, 30–34], and China 
(4 studies) [35–38] (Tables 1 and 2). There were 4 retrospective 
studies [20, 23, 24, 32] and 24 prospective studies (of which 2 
were randomized controlled trials [17, 26], with sample sizes 
ranging from 12 to 697 PWH adults. All 9 studies initially in
cluded as preprints have subsequently been published in full, 
and data extracted from the preprints were verified against 
the final publication. One study was a follow-up [12] of the 
same patients from another study [11], with 2 studies having 
potential overlapping patients due to drawing from the same 
data source [13, 14].

Vaccine Types

Studies reported use of mRNA vaccines, namely BNT162b2 
(Pfizer-BioNTech) [9, 11, 14, 18–21, 23, 25–34] and 
mRNA-1273 (Moderna) [9, 18–20, 22, 24–26, 28–32], nonrep
licating viral vector AZD1222/ChAdOx1 nCoV-19 
(AstraZeneca) [12, 13, 17, 20, 24, 28] or Ad26.COV2.S 
(Janssen) [9, 16, 24], and inactivated CoronaVac (Sinovac 
BioTech) [36–38] or BBIBP CorV (Sinopharm) vaccines 
[35, 36, 38]. Overall, 20 studies (69%) reported results from 
an mRNA vaccine platform. Nineteen (66%) studies reported 
results of BNT162b2, and 13 (45%) reported results of 
mRNA-1273; 12 reported on both. Seven studies reported re
sults from ChAdOx1 (AstraZeneca), 4 studies reported results 
from BBIBP-CorV (Sinopharm) and/or Sinovac Coronavac, 
while 3 studies reported results from Janssen.
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Study Reporting

Studies reporting anti-RBD IgG responses used various assay 
types, including manufactured and nonspecified assays against 
RBD. Five studies reported data on SARS-CoV-2 variants of 
concern (VOCs), with none reporting on the Omicron variant 
[16, 17, 21, 28, 37].

Risk of Bias

Overall, studies were considered to be at low to moderate risk of 
bias. The main concerns were lack of a control group, failure to 
identify and/or adjust for confounders, different lengths of pa
tient follow-up, and difficulty in determining the external valid
ity of reported findings. Representativeness of the study 
population was difficult to determine due to limited reporting 
of information about facilities and source populations.

Immunologic Responses

Overall, seroconversion rates and serologic titers in PWH were 
high after the final reported administered dose for completion 
of primary vaccination, with the exception of 1 study that used 
inactivated virus vaccine BBIBP [35].

Of 22 (73%) studies that reported rates of seroconversion in 
PWH, 15 (68%) found seroconversion rates of 95% or higher, 
while only 3 (14%) found seroconversion rates below 85%. 
Thirteen (59%) of these studies also reported seroconversion 
rates in HIV-negative individuals, with all having rates 
>87.5%, of which 1 [25] found 100% seroconversion in both 
groups (Figure 1). Of the remaining 12 studies, 2 [9, 35] found 
significantly increased odds of failure to seroconvert in PWH 
compared with HIV-negative individuals (Figure 2).

Two (6.8%) studies assessed serologic response after only 1 
dose of a 2-dose vaccine [29, 30]. The majority of studies re
ported PWH with high baseline CD4 cell counts, with over 
half of the studies reporting mean or median baseline CD4 
counts >500 cells/mm3 [11–13, 14, 21, 22, 25, 27, 28, 30, 32– 
34, 36]. Twenty-two (75.9%) studies reported HIV VL, with 
all reporting the majority of PWH having VL <1000 copies/ 
mL, and often <50 copies/mL. Of 9 studies that compared ei
ther seroconversion rates or serologic titers by baseline CD4 
cell count [9, 19, 20, 22, 24, 29–31, 37], 7 found a diminished 
immunologic response in PWH with lower CD4 counts [9, 
19, 20, 24, 29, 30, 37]. All 3 studies that reported seroconversion 
rates stratified by baseline CD4 counts found decreased rates of 
seroconversion in PWH with lower CD4 cell counts [9, 19, 20] 
(Figure 3). Likewise, studies that reported results for individu
als with lower CD4/CD8 ratios [35] or high HIV VL [27] also 
reported decreased responses.

DISCUSSION

In this systematic review of 28 studies that reported on humoral 
immune responses to COVID-19 vaccination in PWH, Ta
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Table 2. Study Summary

Author, Year, Location Summary Findings

1. González de Aledo, 2022, 
Spain

Following 2-dose vaccination with mRNA vaccines, all 100 PWH achieved detectable antispike IgG Ab, and only 3 had antibody 
levels <520 BAU/mL (1 of these had baseline CD4 count <200 cells/mm3).

2. Antinori, 2022, Italy Humoral and cell-mediated immune response against SARS-CoV-2 following 2 doses of mRNA vaccines was comparable between 
PWH with baseline CD4 counts >500 cells/mm3 and HIV-negative controls. Immune response was significantly poorer in PWH 
with baseline CD4 counts <200 cells/mm3 (P< .001).

3. Brumme, 2022, Canada After 2 doses of ChAdOx1 and/or mRNA vaccine, HIV status was not significantly associated with magnitude of anti-RBD response, 
and no significant correlation was observed between vaccine immunogenicity and the most recent or nadir CD4 cell counts.

4. Feng, 2021, China Similar immunologic response was found after 2-dose vaccination with Sinopharm BBIBP-CorV between PWH with high CD4/CD8 
ratio and HIV-negative controls; PWH with low baseline CD4/CD8 ratios generated lower antibody responses compared with 
those with medium and high CD4/CD8 ratios (P< .01).

5. Frater, 2021, UKa No difference in magnitude or persistence of immunogenic response between PWH and HIV-negative controls after 2 doses of 
ChAdOx1. No correlation was found between the magnitude of the antispike IgG response and CD4 cell count.

6. Ogbe, 2021, UKa No difference in immunologic response between PWH and matched HIV-negative controls following 2 doses of ChAdOx1. 
SARS-CoV-2 spike-specific responses maintained for 6 mo in PWH were equivalent to HIV negative controls.

7. Haidar, 2022, USA Following 2 doses of mRNA vaccine, no difference in seropositivity was found between controls and PWH with CD4 counts 
>200 cells/mm3, but CD4 count <200 cells/mm3 was associated with lower odds for seropositivity (P< .001).

8. Hassold, 2022, France After 2 doses of mRNA vaccine or ChAdOx1, PWH with CD4 >500 cells/mm3 had a higher antibody response (P= .003) than those 
with lower CD4 cell counts, especially those with CD4 counts <200 cells/mm3 (P= .0017). 100% of patients with baseline CD4 
counts >500 cells/mm3 were seropositive, compared with 95% and 78% of those with CD4 counts between 200 and 499 cells/ 
mm3 or <200 cells/mm3, respectively.

9. Huang, 2022, China Immunogenicity of inactivated vaccines (Sinovac CoronaVac & Sinopharm BBIBP-CorV) was significantly lower in PWH than 
HIV-negative controls (P= .007), regardless of CD4 cell count or HIV viral load.

10. Jedicke, 2021, Germany Most PWH demonstrated robust immune response after complete BNT162b2 vaccination, but with significantly lower anti-S IgG 
response compared with HIV-negative controls (P< .0001).

11. Khan, 2021, South Africa Ad26.CoV2.S vaccination of PWH with well-controlled HIV led to noninferior immune response to SARS-CoV-2 Delta variant.

12. Levy, 2021, Israelb 97% of PWH developed immune response following second dose of BNT162b2; PWH had lower anti-RBD IgG levels than controls 
(P= .008).

13. Rahav, 2021, Israelb HIV patients showed a similar immunologic response to HIV-negative controls after 2 doses of BNT162b2.

14. Liu, 2021, China Two doses of Sinovac CoronaVac produced immunologic response in PWH, with significantly decreased anti-RBD-IgG titers in 
individuals with baseline CD4 <350 cells/mm3 (P= .023).

15. Lombardi, 2022, Italy PWH with well-controlled ART, stable viral suppression, and robust CD4+ T-cell count produced detectable humoral immune 
responses, similar to individuals without HIV infection, following 2 doses of mRNA-1273.

16. Lv, 2021, China Inactivated SARS-CoV-2 vaccines (Sinovac CoronaVac, Sinopharm BBIBP-CorV) had similar neutralizing antibody positivity among PWH 
and HIV-negative controls. However, the magnitude of immunogenicity was smaller in PWH than HIV-negative controls (P< .05).

17. Madhi, 2021, South Africa Patients immunized with 2 doses of ChAdOx1 showed a strong immunologic response, regardless of HIV status.

18. Milano, 2022, Italy 98.6% of PWH vaccinated with 2 doses of BNT162b2 mounted a detectable immune response; no significant correlation was 
observed between patient characteristics and immunologic response.

19. Nault, 2022, Canadac After the first dose of mRNA-based vaccine, anti-RBD IgG response was similar in PWH with CD4 counts >250 cells/mm3 and 
HIV-negative controls; PWH with low CD4 counts had a weaker immunologic response (P< .0001).

20. Noe, 2021, Germany PWH mounted a robust immune response after complete vaccination with BNT162b2, mRNA-1273, ChAdOx1, or Ad26.COV2.S 
vaccines. Higher anti-RBD IgG concentrations were observed in patients receiving mRNA-based vaccines and those with 
baseline CD4 >200 cells/mm3 (P< .001). Patients with CD4 <200 cells/mm3, in particular, mounted a significantly poorer 
immunologic response (P< .001).

21. Portillo, 2022, Switzerland All PWH elicited antibodies after 2 doses of mRNA vaccines, but antibody response was significantly lower (P< .001) compared 
with an unmatched group of HIV-negative controls, despite an overall high CD4 T-cell count.

22. Ruddy (1), 2021, USAc All participants developed anti-SARS-CoV-2 RBD antibodies after the first dose of mRNA vaccine.

23. Ruddy (2), 2021, USA All participants developed increased concentrations of anti-SARS-CoV-2 RBD antibodies following the second dose of mRNA vaccine.

24. Speich, 2022, Switzerland PWH developed a strong antibody response following 2 doses of mRNA vaccine, with no difference found between BNT162b2 and 
mRNA-1273.

25. Spinelli, 2021, USA Following 2 doses of mRNA vaccine, PWH demonstrated lower IgG response than HIV-negative controls (P= .01), which was most 
pronounced among those with lower baseline CD4 counts (P= .003); all 7 PWH with CD4 baselines <200 cells/mm3 failed to 
mount a pseudovirus neutralizing titer or IgG response. PWH vaccinated with mRNA-1273 had higher IgG titers than those 
vaccinated with BNT162b2 (P= .02).

26. Tuan, 2021, USA PWH with baseline CD4 <500 cells/mm3 were potentially less likely to seroconvert after a single dose of BNT162b2 (P= .07), but 
there was no CD4-related difference in immunologic response after 2 doses. 97.5% of PWH had a positive IgG response 
following the second dose.

27. Woldemeskel, 2021, USA Following 2 doses of BNT162b2 vaccine, PWH mounted an immunologic response similar to HIV-negative controls.

28. Xu, 2022, Sweden Despite high seroconversion rates in PWH following 2 doses of BNT162b2, PWH developed significantly lower levels of antispike 
IgG than HIV-negative controls 2 wk after the second dose (P= .0012), regardless of CD4 cell count. Patients with baseline HIV 
viral loads >50 copies/mL had particularly low levels of antispike IgG (P= .048).

Abbreviations: ART, antiretroviral therapy; IgG, immunoglobulin G; PWH, people with HIV; RBD, receptor binding domain; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.  
aOgbe was a follow-up study of the patients included in the Frater study.  
bLevy and Rahav recruited from the group of individuals, but the extent of overlap could not be determined.  
cNault and Ruddy (1) reported results after the first dose of a 2-dose mRNA-based vaccine regimen.
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seroconversion rates were overall very high in PWH. Several 
studies showed PWH failing to seroconvert; however, the num
bers of PWH were very small. Adult PWH on established ART 
with suppressed HIV loads and higher baseline CD4 counts 
and CD4/CD8 ratios generally mounted robust humoral im
mune responses, especially following the final reported admin
istered dose of the COVID-19 primary vaccination series, 
which was generally the second vaccine dose. PWH with di
minished COVID-19 vaccine-induced antibody responses gen
erally had greater baseline immunosuppression or advanced 
HIV disease or HIV VL, but further characterization of PWH 
vaccine nonresponders is needed. Study results underscore 

the need for establishing early ART, preserving immunologic 
status, maintaining HIV virologic control, and prioritizing 
SARS-CoV-2 vaccination as a key COVID-19 prevention strat
egy among PWH.

There are no standard correlates of protection for COVID-19 
vaccination. Differences in seropositivity rates reported for the re
viewed studies may have been attributable to variations in type 
and brand of serologic assay used, test characteristics, serologic as
sessment time points after COVID-19 vaccination, units of sero
logic titer reporting, cutoff levels selected for antibody positivity, 
definitions for serological response vs seropositivity, rates of prior 
SARS-CoV-2 infection, and duration of follow-up, among others.

Figure 1. COVID-19 vaccine seroconversion rates in PWH and HIV-negative individuals by vaccine type. Solid diamonds: mRNA (BNT162b2, mRNA-1273). Solid upward 
triangles: Viral vector (ChAdOx1, Ad26.COV2.S). Solid downward triangles: Inactivated virus (BBIBP-CorV, CoronaVac). Solid squares: Multiplec. Hollow rectangles: HIV- 
negative. Solid rectangles: PWH. aThe Levy and Rahav studies may have overlap in the patients observed. Ogbe and Frater also had overlapping patients, but Ogbe did 
not report seroconversion rates and is therefore not included in this figure. bThe Nault and Ruddy (1) studies reported seroconversion rates only after the first dose of a 
2-dose mRNA vaccine regimen. cIncludes studies using multiple vaccine types (eg, mRNA, viral vector): Brumme (BNT162b2, mRNA-1273, ChAdOx1), Haidar (BNT162b2, 
mRNA-1273, Ad26.COV2.S), Hassold (BNT162b2, mRNA-1273, ChAdOx1), Noe (BNT162b2, mRNA-1273, ChAdOx1, Ad26.COV2.S). Abbreviations: COVID-19, coronavirus dis
ease 2019; PWH, people with HIV.
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The impact of underlying HIV infection and B- and T-cell 
impairment on humoral and cellular immunity, such as the ef
fect of low CD4 counts on the immune response to COVID-19 
vaccination, remains to be established. There is a need to un
derstand better correlates of protection (eg, specific titers of 
anti-RBD antibodies or peak humoral response that correlate 
with neutralizing activity), vaccine induced T-cell responses, 
and factors that influence the durability and breadth of im
mune response in PWH. Additionally, a better understanding 
of the role of patient age across age groups from older adults 
to children, demographic background, levels of immunosup
pression (including CD4 cell count strata), ART regimens, lev
els of HIV virologic control, and presence of comorbidities and 
coinfections (eg, tuberculosis) is needed. Global COVID-19 
vaccine shortages may limit homologous vaccine use, so heter
ologous mix-and-match strategies need evaluation for maxi
mum immunogenicity and effectiveness against challenging 
variants of concern and other subvariants, optimized dosing in
tervals, and boosting strategies (eg, additional doses in individ
uals with blunted responses or specific PWH subpopulations). 
Additionally, as SARS-CoV-2 breakthrough infections become 

more common, optimized COVID-19 vaccination strategies in 
individuals with prior infection are needed.

The strengths of this review include the searching of multiple 
databases using a broad search strategy and inclusion criteria 
that enabled the identification of a broad set of studies. Key 
steps of the review were conducted in duplicate to minimize er
rors, and reporting adhered to the PRISMA checklist, an 
evidence-based minimum set of items for reporting in system
atic reviews. There are also several limitations to note. There is 
important heterogeneity of the body of evidence, as reflected by 
study design, methods, and reporting (vaccine types and com
binations, sample sizes, inclusion of a control group and age- 
matched controls, interval between doses, postvaccination ob
servation period, immune response measurement, and sero
logic titer units). Most reviewed studies had small sample 
sizes, were nonrandomized, and were insufficiently powered 
to compare vaccine efficacy, effectiveness, or durability of re
sponse. Of the few studies that reported results for both 
PWH and HIV-negative individuals, a handful suggested an in
creased risk of failure to seroconvert among PWH; however, 
the number of these comparison studies and participant 

Figure 2. Odds ratio between PWH and HIV-negative individuals for failing to seroconvert after COVID-19 vaccination. Odds ratio (log scale) for failure to seroconvert of 
papers that reported results for both PWH and HIV controls. OR calculation included a continuity correction for studies that found 0 seronegative cases in 1 or both groups. 
aNault reported results after only the first dose of a 2-dose mRNA vaccine regimen. bThe Levy and Rahav studies may have had an overlap of patients included. Abbreviations: 
COVID-19, coronavirus disease 2019; OR, odds ratio; PWH, people with HIV.
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volume were limited. Since the initial review was conducted, all 
preprints have been published in full, with no changes to the 
reported outcomes. We assessed the risk of bias using the mod
ified Downs and Black system; however, the lack of applicability 
of criteria to all studies may have impacted scoring. At the time 
the studies were reviewed, vaccine regimens were either 1 or 2 
doses depending on vaccine type. The review included 
SARS-CoV-2 variants in circulation; however, published and 
preprint data available on booster doses and variants and sub
variants were limited, and no evaluated studies reported on the 
Omicron subvariant. Studies reviewed included only adult 
PWH who were relatively homogeneous for sex and race and 
generally had high baseline CD4 counts and excellent virologic 
control on ART, with limited characterization of the distribu
tion of patient CD4 cell counts; these findings are therefore 
not representative of the entire PWH population. 
Importantly, there was very little information from low- and 
middle-income settings with a high burden of HIV, with only 
2 studies from South Africa. Certain PWH subpopulations 

were under-represented or not studied, including children, ad
olescents, and PWH with coinfections and comorbidities (such 
as tuberculosis, diabetes, and hypertension, which may influ
ence immunologic outcomes). The lack of longitudinal humor
al response data limited the ability to characterize individuals’ 
titer kinetics over time. There was also heterogeneity across 
studies in the definitions applied to advanced disease or im
mune status, and this may not have been well controlled in 
the studies that reported comparisons between PWH and 
HIV-negative individuals. Finally, it is important to note that 
the key outcomes of interest for COVID-19 vaccine effective
ness are breakthrough infections, progression to severe disease, 
and death; these outcomes are very poorly reported and remain 
an important area of future research.

We presented study data for the parameters related to 
anti-SARS-CoV-2 recombinant spike, RBD, or neutralizing 
IgG due to the paucity and greater heterogeneity of data of other 
immunologic parameters. Lack of international consensus on 
measures to determine immunogenicity and the immunological 

Figure 3. COVID-19 vaccine seroconversion rates in PWH by CD4 cell count. Hollow diamond symbols: HIV-negative. Solid upward triangles: PWH, CD4 >200 cells/mL3. 
Solid downward triangles: PWH, CD4 <200 cells/mL3. aHaidar result for PWH CD4 <200 (33.3% seropositivity) was not reported directly in the paper but was calculated from 
other reported values. Abbreviations: COVID-19, coronavirus disease 2019; PWH, people with HIV.
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markers that predict protection against COVID-19 remains. 
Although antibody levels may be strongly correlated with 
anti-RBD titers, lack of immunoassay standardization across 
the studies reviewed and variation potentially due to underlying 
comorbidities or conditions may have contributed to the varia
tion of results observed.

CONCLUSIONS

Long-lasting immune responses against SARS-CoV-2 are nec
essary for protection against severe COVID-19 disease. 
Notwithstanding important limitations of the current evidence 
base, the studies presented in this review of early immunity in
duced by currently EUL-approved COVID-19 vaccines in 
PWH provide reassuring data. In order to characterize and un
derstand the associations of humoral and cellular immune re
sponses to COVID-19 vaccines in PWH and clinical efficacy 
and effectiveness, future evaluations that include PWH of dif
ferent ages, sexes, demographic backgrounds and settings, 
ART statuses, ART regimens, virologic suppression statuses, 
CD4 count strata, coinfections, and comorbidities will be im
portant for developing strategies to maximize the durability 
of protection against SARS-CoV-2 variants and subvariants. 
While COVID-19 booster doses were not specifically assessed, 
waning antibody levels are anticipated, and booster doses for 
PWH, as for other persons who are immunocompromised, ap
pear to be a reasonable recommendation. Potential reduced 
vaccine immunogenicity in PWH with more advanced disease 
and continued susceptibility to COVID-19 support additional 
doses, either as extended primary series or as additional booster 
doses. The current data available on COVID-19 disease in 
PWH suggest that the benefits of additional vaccine doses out
weigh the risks, particularly among those with low CD4 counts. 
Future studies may provide data to help tailor vaccine regimens 
based on degree of immunocompromise or factors associated 
with poor COVID-19 coinfection outcomes.

COVID-19 vaccination remains a critical tool to prevent 
COVID-19 transmission and reduce death and severe illness 
among PWH. Continued prioritization of COVID-19 vaccina
tion in PWH is needed, especially when supplies are limited. 
COVID-19 vaccination, coupled with comprehensive clinical 
management of HIV for virologic suppression and the preven
tion and management of comorbidities to improve COVID-19 
outcomes, is paramount. Programs will need to identify strate
gies for COVID-19 vaccination integration and demand crea
tion and uptake within the context of HIV and broader 
service delivery to ensure that evidence-based implementation 
goes hand in hand with the protection of individuals and 
communities.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 

posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond
ing author.
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