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Summary
Background People living with HIV might have a poor or delayed response to vaccines, mainly when CD4 cell counts 
are low, and data concerning COVID-19 vaccines in this population are scarce. This prospective cohort study assessed 
the safety and immunogenicity of the inactivated SARS-CoV-2 vaccine CoronaVac in people with HIV compared with 
people with no known immunosuppression.

Methods In this prospective cohort study, adults (aged ≥18 years) living with HIV who were regularly followed up at 
the University of Sao Paulo HIV/AIDS outpatient clinic in Sao Paulo, Brazil, were included in the study. Eligibility for 
people with HIV was independent of antiretroviral use, HIV viral load, or CD4 cell count. Adults with no known 
immunosuppression with CoronaVac vaccination history were included as a control group. CoronaVac was given 
intramuscularly in a two-dose regimen, 28 days apart. Blood was collected before vaccine administration and 6 weeks 
after the second dose (day 69). Immunogenicity was assessed at baseline (day 0), before second vaccine (day 28), and 
6 weeks after second vaccine dose (day 69) through SARS-CoV-2 IgG titre and seroconversion, neutralising antibody 
(NAb) positivity and percentage activity, and factor increase in IgG geometric mean titres (FI-GMT). We investigated 
whether HIV status and CD4 count (<500 or ≥500 cells per µL) were associated with CoronaVac immunogenicity by 
use of multivariable models adjusted for age and sex.

Findings Between Feb 9, 2021, and March 4, 2021, 776 participants were recruited. Of 511 participants included, 
215 (42%) were people with HIV and 296 (58%) were people with no known immunosuppression. At 6 weeks after 
the second vaccine dose (day 69), 185 (91%) of 204 participants with HIV and 265 (97%) of 274 participants with no 
known immunosuppression had seroconversion (p=0·0055). 143 (71%) of 202 participants with HIV were 
NAb positive compared with 229 (84%) of 274 participants with no known immunosuppression (p=0·0008). Median 
IgG titres were 48·7 AU/mL (IQR 26·6–88·2) in people with HIV compared with 75·2 AU/mL (50·3–112·0) in 
people with no known immunosuppression (p<0·0001); and median NAb activity was 46·2% (26·9–69·7) compared 
with 60·8% (39·8–79·9; p<0·0001). In people with HIV who had CD4 counts less than 500 cells per µL seroconversion 
rates, NAb positivity, and NAb activity were lower than in those with CD4 counts of at least 500 cells per µL. In 
multivariable models for seroconversion, NAb positivity, IgG concentration, and NAb activity after a complete 
two-dose regimen, adjusted for age and sex, people with HIV who had CD4 counts of at least 500 cells per µL and 
people with no known immunosuppression had higher immunogenicity than did people with HIV with CD4 counts 
less than 500 cells per µL. No serious adverse reactions were reported during the study.

Interpretation Immunogenicity following CoronaVac in people with HIV seems strong but reduced compared with 
people with no known immunosuppression. Our findings highlight the need for strategies to improve vaccine 
immunogenicity in people with HIV. 

Funding Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP), Conselho Nacional de Desenvolvimento 
Científico e Tecnológico (CNPq), and B3—Bolsa de Valores do Brasil.

Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction
Several vaccines have been implemented to prevent 
severe COVID-19 cases and related deaths. Up to 
January 2022, four vaccines have been implemented in 
Brazil. ChAdOx1 (AstraZeneca) and CoronaVac (Sinovac 
and Butantan Institute) have been the most frequently 
used, followed by Ad26.COV2.S (Janssen) and BNT162b2 
(Pfizer and BioNTech). Mass vaccination campaigns with 
CoronaVac have occurred since early 2021 in Brazil, 

Chile, Indonesia, and Turkey with approval for 
emergency use in more than 20 low-income and middle-
income countries.1,2

Numerous risk factors have been associated with poor 
outcomes in COVID-19, including pulmonary, cardiac, 
and chronic renal conditions, old age, obesity, and 
immunosuppression, including HIV infection. Although 
some studies showed an increased risk of COVID-19-
associated death among people living with HIV 
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compared with individuals with no known immuno-
suppression,3 other studies suggested this association 
did not exist, especially among people with well 
controlled HIV infection.4 However, previous data 
demonstrate that people with HIV might have poor or 
delayed response to vaccines, or reduced duration of 
immunogenicity after vaccination against pneumococcus, 
influenza, hepatitis A and B,5–7 and yellow fever.8

Few studies have explored safety and immunogenicity 
of SARS-CoV-2 vaccines in people with HIV. In a small 
cohort of people with HIV vaccinated with an 
mRNA vaccine, individuals with low CD4 cell counts had 
lower immunogenicity than did those with CD4 cell 
counts greater than 200 cells per µL.9 A study on safety 
and immunogenicity of BNT162b2 in 143 people with 
HIV and 261 controls showed a favourable safety profile 
and similar immunogenicity (IgG and neutralising 
antibodies [NAb]) in both groups.10 Data on ChAdOx1 use 
in a South African cohort (52 people with HIV, 
28 controls)11 and a subgroup analysis of a phase 2/3 study 
in England (54 people with HIV, 50 controls)12 suggested 
no significant differences in immunogenicity. One study 
describing immune responses after vaccination with 
BNT161b2, ChAdOx1, or heterologous regimens in 
100 people with HIV and 152 controls found that 
HIV status was not associated with significant differences 
in IgG or NAb against SARS-CoV-2.13 However, data on 
safety and immunogenicity of inactivated SARS-CoV-2 
vaccines in people with HIV are scarce and studies suggest 
a potential role of immune recovery on SARS-CoV-2-
specific antibody responses. A study including 42 people 
with HIV and 28 controls vaccinated with BBIBP-CorV 
(Sinopharm) showed no solicited adverse reactions, and 
both groups had similar IgG, NAb, and antigen-specific 
T cell responses. However, people with HIV with low CD4 
to CD8 ratios had lower antibody responses than did those 
with CD4 to CD8 ratios within normal range.14 A study 

including 55 people with HIV and 21 age-matched and 
sex-matched controls vaccinated with CoronaVac found 
similar IgG concentrations, although people with HIV 
with CD4 counts less than 350 cells per µL had lower 
SARS-CoV-2-specific IgG titres than did those with 
CD4 counts 350 cells per µL or more.15

Clinical studies in the general population showed that 
CoronaVac is highly immunogenic, with 92% positivity 
of NAb for adults vaccinated with a two-dose regimen 
with a 14-day interval, and 97% positivity of NAb for a 
28-day interval.16 CoronaVac efficacy to prevent 
symptomatic infections varied between 51% and 84% in 
the first 3–4 months after vaccination, with higher 
efficacy to prevent hospitalisations and deaths.1,17 Studies 
on the effectiveness of CoronaVac showed that this 
vaccine prevents 47–66% of COVID-19 cases, with higher 
effectiveness to prevent hospitalisations and deaths, and 
declining effectiveness with increasing age.2,18

This cohort study assessed the safety and immuno-
genicity of CoronaVac in people with HIV compared with 
people with no known immunosuppression. We 
hypothesised that immunogenicity after vaccination with 
CoronaVac would be negatively affected by HIV and low 
CD4 cell count.

Methods
Study design and participants
All participants in this prospective cohort study were 
included in a large phase 4 protocol (clinicaltrials.gov, 
NCT04754698). Consecutive people with HIV aged 18 years 
or older vaccinated with CoronaVac and regularly followed 
up at the HIV/AIDS outpatient clinic at University of 
Sao Paulo, Sao Paulo, Brazil were invited to participate. 
Eligibility for people with HIV was independent of 
antiretroviral use, HIV viral load, or CD4 cell count. We 
also included adults with no known immunosuppression 
who received CoronaVac as controls. Controls had been 

Research in context

Evidence before this study
Several studies have shown that people living with HIV might 
have a poor or delayed response to vaccines, or even reduced 
duration of immunogenicity after vaccination. Data are scarce 
concerning safety and immunogenicity of COVID-19 vaccines in 
people with HIV. We searched PubMed on Jan 2, 2022, for 
English, Portuguese, and Spanish language publications with 
no date restrictions using the terms “COVID-19 vaccine” and 
“HIV”. We found few studies addressing COVID-19 vaccines in 
people living with HIV, with reassuring safety information but 
conflicting data regarding the effect of HIV and CD4 cell counts 
on vaccine immunogenicity.

Added value of this study
This is the first large cohort study addressing the safety and 
immunogenicity of the inactivate SARS-CoV-2 vaccine 
CoronaVac in people with HIV compared with people with no 

known immunosuppression. 6 weeks after the second vaccine 
dose, the proportion of participants with seroconversion and 
neutralising antibody positivity was high in both groups. 
However, immunogenicity was significantly lower among 
people with HIV than in people with no known 
immunosuppression. Moreover, people living with HIV with 
CD4 counts of less than 500 cells per µL had lower SARS-CoV-2 
immunogenicity than did people with HIV with CD4 counts of 
at least 500 cells per µL.

Implications of all the available evidence
Strategies to improve COVID-19 vaccine-induced 
immunogenicity might be needed for people living with HIV, 
which could differ according to vaccine platform and CD4 cell 
count. Data on clinical efficacy and real-life effectiveness studies 
are still insufficient for this population.
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frequency-matched on age and sex with the subgroup of 
participants with autoimmune rheumatic diseases, but no 
matching was done with people with HIV. We excluded 
potential participants with a history of anaphylactic 
reaction to vaccine components, acute febrile illness, a 
history of Guillain-Barré syndrome or demyelinating 
disease, vaccination history with any SARS-CoV-2 vaccine, 
vaccination history with a live virus vaccine 4 weeks or less 
before enrolment or an inactivated vaccine 2 weeks or less 
before enrolment, a history of blood product transfusion 
6 months or less before enrolment, and participants  who 
were admitted to hospital. Participants with well controlled 
comorbidities were included, but individuals reporting 
other types of immunosuppression or COVID-19 
symptoms at enrolment were excluded. Participants with 
missing or positive results at baseline assessment of 
SARS-CoV-2 IgG or NAb were excluded from the analysis.

The national (Comissao Nacional de Etica em Pesquisa, 
CONEP) and local (Comissao de Etica para Analise de 
Projetos de Pesquisa, CAPPesq) ethics committees 
approved the protocol. Each participant provided written 
informed consent in Portuguese before enrolment. 
Participant identifiable data remained confidential 
throughout the study.

Procedures
We collected demographic and clinical characteristics of 
participants at baseline and extracted laboratory variables 
from medical charts. CoronaVac was given in a two-dose 
regimen with doses 28 days apart, according to the 
manufacturer’s recommendations.19 CoronaVac (Sinovac 
Life Sciences, Beijing, China, batch 20200412) contains 
3 μg in 0·5 mL of beta-propiolactone inactivated 
SARS-CoV-2 derived from SARS-CoV-2 CN02 strain 
grown in African green monkey kidney cells—Vero 
25 cells—with aluminium hydroxide as an adjuvant. 
Single-use CoronaVac syringes containing 0·5 mL were 
administered intramuscularly in the deltoid area. Blood 
was collected from participants immediately before each 
vaccine administration and 6 weeks after the second dose 
(day 69). Serum samples were stored at –70°C. In case of 
incident COVID-19 during the study, the second 
vaccination was delayed by 4 weeks.

Immunogenicity tests were done with samples collected 
at baseline (day 0), immediately before the second vaccine 
dose (day 28, intermediary assessment), and 6 weeks after 
the second vaccine dose (day 69, final assessment). The 
immunogenicity evaluation comprised two serological 
tests: the chemiluminescent immuno assay that measured 
IgG antibodies targeting spike 1 and 2 proteins in the 
receptor binding domain (Indirect ELISA, LIAISON 
SARS-CoV-2 S1/S2 IgG, DiaSorin, Italy), and the virus 
NAb detection assay SARS-CoV-2 sVNT RBD-HRP Kit 
(GenScript, Piscataway, NJ, USA), a validated surrogate 
neutralisation test. Seroconversion was defined as a 
positive (≥15·0 AU/µL) IgG test. NAb activity was reported 
as percentages and categorised as positive when at 

least 30%.20 We also calculated IgG geometric mean titres 
(GMTs) at all timepoints and factor increase in GMT 
(FI-GMT) as the ratio of the GMT after vaccination to the 
GMT before vaccination.

We monitored local and systemic side-effects using 
standardised forms and clinical evaluations at each study 
visit up to day 69. Participants received standardised 
adverse events diaries on days 0 and 28 and completed 
forms with solicited adverse reactions after each vaccine 
dose. Solicited local adverse reactions included pain, 
erythema, swelling, bruise, pruritus, and induration at the 
injection site. Systemic reactions included fever, malaise, 
somnolence, lack of appetite, sweating, nausea, vomit, 
diarrhoea, abdominal pain, vertigo, tremor, headache, 
fatigue, myalgia, muscle weakness, arthralgia, back pain, 
cough, sneezing, coryza, runny nose, sore throat, shortness 
of breath, conjunctivitis, pruritus, and skin rash. Moderate 
and severe adverse events were recorded on days 0–69 and 
classified as vaccine-related and vaccine-unrelated. Severity 
of adverse events was defined according to 
WHO definition.21 Participants with COVID-19 symptoms 
during the study period underwent a SARS-CoV-2 reverse 
transcriptase polymerase-chain-reaction test.

Statistical analysis
We present the characteristics of study participants using 
descriptive statistics. Comparisons between people living 
with HIV and people with no known immunosuppression 
were made using Mann-Whitney Wilcoxon rank-sum tests 
for numeric variables and χ² or Fisher’s exact tests for 
categorical variables. We generated categorical variables 
for age (<40 years, 40–49 years, 50–59 years, ≥60 years), 
and CD4 count (<500 cells per µL, ≥500 cells per µL). We 
used multivariable Poisson regression models with 
robust variance estimations to assess risk ratios 
associated with HIV infection and CD4 cell counts on the 
positivity of IgG and NAb at day 69, adjusted for age and 
sex. We fit multivariable linear regression models with 
robust variance estimations to assess the effect of 
HIV infection and CD4 cell counts on log-transformed 
concentrations of IgG and NAb activity at day 69, adjusted 
for age and sex. Given the longitudinal nature of 
immunogenicity assessments, we also did a sensitivity 
analysis using generalised estimating equations with 
robust variance estimations to assess the effect of 
HIV infection and CD4 cell counts on mean 
log-transformed concentrations of IgG and NAb activity 
at days 28 and 69, adjusted for age and sex. We used 
STATA, version 15.1, in all analyses, with a two-tailed 
significance level of 0·05. Missing data were handled as 
missing completely at random. We present study results 
in accordance with STROBE guidelines.

Role of the funding source
The funding sources had no role in study design, data 
collection, analysis, interpretation, writing of the report, 
or in the decision to submit the paper for publication.
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Results
Between Feb 9 and March 4, 2021, 776 participants were 
recruited, of whom 282 (29%) were people living with 
HIV and 494 (64%) were people with no known 
immunosuppression (appendix p 1). Two people with no 
known immunosuppression were lost to follow-up after 
the first vaccine dose. Additionally, 244 individuals were 
excluded from this analysis due to a positive IgG test, 
NAb test, or both at baseline (53 people living with HIV, 
191 people with no known immunosuppression), and 
19 individuals were excluded due to missing baseline 
results of IgG or NAb tests. The remaining 511 individuals 
comprised the study sample for the immunogenicity 
analysis: 215 people living with HIV and 296 with no 
known immunosuppression. For the safety analysis, 
465 participants completed the first solicited adverse 
events form and 454 completed the second solicited 
adverse events form, totalling 485 participants with 
at least one completed form (appendix p 1). Compared 
with controls, people with HIV had a higher proportion 
of males and were older (table 1). The proportion of 
comorbidities was similar between groups, except for 
a higher proportion of dyslipidaemia, previous stroke, 
and chronic kidney disease among people with HIV.

All except one person with HIV received antiretroviral 
therapy (one person withdrew from treatment for 
personal reasons); median time of antiretroviral 
treatment was 243 months (IQR 8–343). The most used 
regimen was tenofovir, lamivudine, and dolutegravir, 
used by 63 (29%) of 215 people; 35 (16%) used tenofovir, 
lamivudine, and efavirenz. We had CD4 cell counts of 
215 people with HIV, with a median of 22 months 
(IQR 11–33) from the last measurement and study 
enrolment. Of 215 people with HIV, 64 (30%) had 
CD4 counts lower than 500 cells per µL (table 1). Overall, 
191 (89%) of 215 people with HIV had undetectable 

See Online for appendix

HIV-positive 
(n=215)

HIV-negative 
(n=296)

p value

Age ·· 64 (21·6) <0·0001

<40 years 34 (16) 88 (30) ··

40–49 years 45 (21) 75 (25) ··

50–59 years 68 (32) 69 (23) ··

>60 years 68 (32) 64 (22) ··

Median age 54 (45–60) 48 (37–58) <0·0001

Female sex 85 (40%) 187 (63%) <0·0001

CD4 cell count

<200 cells per µL 9 (4) ·· ··

200–349 cells per µL 24 (11) ·· ··

350–499 cells per µL 31 (14) ·· ··

≥500 cells per µL 151 (70) ·· ··

Median CD4 cell count 655 (458–900) ·· ··

Viral suppression (<50 copies per mL) 191 (89%) ·· ··

Median months between last CD4 cell count and inclusion 21 (10–33) ·· ··

Comorbidities

Any comorbidity 172 (80%) 174 (59%) <0·0001

Smoking 28 (13%) 33 (11%) 0·52

Hypertension 52 (24%) 71 (24%) 0·96

Diabetes 27 (13%) 37 (13%) 0·98

Cardiopathy 5 (2%) 4 (1%) 0·50

Dyslipidaemia 37 (17%) 15 (5%) <0·0001

COPD 0 3 (1%) 0·27

Asthma 5 (2%) 10 (3%) 0·60

Chronic kidney disease 5 (2%) 0 0·013

Chronic liver disease 4 (2%) 1 (<1%) 0·17

Neoplasia 2 (1%) 0 0·18

Previous stroke 5 (2%) 0 0·013

Active tuberculosis 2 (1%) 0 0·18

Data are mean (SD), median (IQR), or n (%), unless otherwise specified. COPD=chronic obstructive pulmonary disease.

Table 1: Demographic and clinical characteristics of participants eligible for immunogenicity analysis

HIV-positive (n=215) HIV-negative (n=296) p value CD4 count <500 cells 
per µL (n=64)*

CD4 count ≥500 cells 
per µL (n=151)*

p value

Day 69

IgG titre (AU/mL) 48·7 (26·6–88·2) 75·2 (50·3–112.0) <0·0001 42·6 (22·9–68·9) 53·3 (30·2–92·4) 0·053

Seroconversion 185/204 (91%) 265/274 (97%) 0·0055 51/62 (82%) 134/142 (94%) 0·0062

FI-GMT 22·6 (10·9–41·2) 31·9 (16·7–53·2) 0·0003 19·4 (7·6–33·5) 23·1 (11·0–45·0) 0·12

NAb positivity 143/202 (71%) 229/274 (84%) 0·0008 36/61 (59%) 107/141 (76%) 0·015

NAb activity (%) 46·2 (26·9–69·7) 60·8 (39·8–79·9) <0·0001 41·6 (20·8–64·6) 49·9 (30·6–73·1) 0·031

Day 28

IgG titre (AU/mL) 5·2 (0·0–11·3) 10·4 (4·7–30·5) <0·0001 5·2 (0·0–7·9) 5·1 (0·0–12·3) 0·45

Seroconversion 41/214 (19%) 114/295 (39%) <0·0001 10/64 (16%) 31/150 (21%) 0·39

FI-GMT 2·4 (1·0–5·3) 4·7 (2·3–10·4) <0·0001 2·3 (1·0–3·9) 2·5 (1·0–6·0) 0·34

NAb positivity 40/211 (19%) 112/289 (39%) <0·0001 7/64 (11%) 33/147 (22%) 0·050

NAb activity (%) 0·0 (0·0–27·3) 23·7 (0–39·6) <0·0001 0·0 (0·0–0·0) 0·0 (0·0–29·4) 0·0025

Data are median (IQR) or n/N (%). Seroconversion is when positive IgG is 15AU/mL or more. NAb test is positive when 30% or greater. FI-GMT=factor of increase-geometric 
mean titre. NAb=neutralising antibody test. *People with HIV. 

Table 2: Immunogenicity among participants with negative baseline IgG and NAb after one dose (day 28) and two doses (day 69) for people with HIV, 
according to CD4 cell count categories, and controls
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viral load (<50 copies per mL) in at least three 
measurements before inclusion and were considered 
for viral suppression. Median time between the last HIV 
viral load assessment and study enrolment was 
2 months (IQR 1–3).

In unadjusted analysis at day 69, IgG concentrations 
were significantly lower in people with HIV than in those 
with no known immunosuppression (table 2). At day 69, 
rates of seroconversion of SARS-CoV-2 IgG and 
NAb positivity were high in both groups, but were 
significantly lower in people with HIV than in people 
with no known immunosuppression. FI-GMT and 
NAb activity were moderate and lower in people with 
HIV than in people with no known immunosuppression. 
At 28 days, people with HIV had lower rates of 
seroconversion and NAb positivity, levels of FI-GMT, and 
percentage of NAb activity than people with no known 
immunosuppression.

At day 69, people with HIV with CD4 counts less than 
500 cells per µL had lower rates of seroconversion and 
NAb positivity, and lower median NAb activity than 
participants with CD4 counts of at least 500 cells per µL. 
We also observed a trend toward lower median IgG 
concentration among people with HIV with CD4 counts 
less than 500 cells per µL. At day 28, people with HIV 
with CD4 counts less than 500 per µL or at least 500 cells 
per µL had similar IgG concentrations, rates of IgG 
seroconversion, and FI-GMT; however, lower CD4 cell 
counts were associated with lower NAb activity and rates 
of NAb positivity (table 2). At day 69, median final rates 
of SARS-CoV-2 NAb activity were 42% (IQR 21–65) in 
people with HIV with CD4 counts less than 500 cells 
per µL, 50% (31–73) in people with HIV with CD4 counts 
at least 500 cells per µL, and 61% (40–80) in people with 
no known immunosuppression (figure 1).

Multivariable Poisson models showed that, compared 
with people with HIV with CD4 counts less than 500 cells 
per µL, those with counts of at least 500 cells per µL and 
participants with no known immunosuppression were 
more likely to be positive for IgG (table 3). In the model 
addressing NAb positivity at day 69 as an outcome, 
people with lower CD4 cell counts had worse outcomes 
(table 3). Female sex and age categories were not 
significantly associated with risk of having positive IgG 
or NAb (table 3).

Multivariable linear models also showed that people 
with HIV with low CD4 cell counts had worse outcomes 
than those with CD4 counts of at least 500 cells per µL 
and those with no known immunosuppression 
(appendix p 2). Sensitivity analyses using generalised 
estimating equations adjusted for age and sex showed 
higher mean concentrations of IgG and NAb activity 
across both post-vaccination study visits for people living 
with HIV with CD4 counts of at least 500 cells per µL and 
for people with no known immunosuppression than for 
people living with HIV with CD4 counts less than 
500 cells per µL (appendix p 2).

Information regarding adverse reactions was available 
for 169 people living with HIV and 296 people with no 
known immunosuppression after the first dose, and 
189 people living with HIV and 265 people with no 
known immunosuppression after the second vaccine 
dose (appendix p 3; figure 2). Most participants were 
asymptomatic after vaccination with the first dose 
(appendix p 3). Only mild adverse events were reported 
during the study. No significant differences were 
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Figure 1: Neutralising antibody activity at day 69
Controls are people with HIV and no known immunosuppression. Dots represent people vaccinated. Whiskers 
represent IQR.

aRR (95% CI) p value

IgG positivity

HIV-positive, CD4 count <500 cells per µL 1 (ref) ··

HIV-positive, CD4 count ≥500 cells per µL 1·15 (1·02–1·30) 0·026

HIV-negative 1·17 (1·04–1·32) 0·010

Female sex 1·01 (0·96–1·06) 0·75

Age

<40 years 1 (ref) ··

40–49 years 1·02 (0·96–1·07) 0·53

50–59 years 1·00 (0·94–1·06) 0·98

>60 years 0·98 (0·91–1·04) 0·47

Neutralising antibody positivity

HIV-positive, CD4 count <500 cells per µL 1 (ref) ··

HIV-positive, CD4 count ≥500 cells per µL 1·29 (1·03–1·63) 0·027

HIV-negative 1·38 (1·12–1·72) 0·0032

Female sex 1·03 (0·94–1·14) 0·50

Age

<40 years 1 (ref) ··

40–49 years 1·01 (0·90–1·14) 0·83

50–59 years 0·96 (0·85–1·09) 0·53

>60 years 0·88 (0·76–1·01) 0·076

aRR=adjusted risk ratio.

Table 3: Multivariable regression models for IgG and neutralising antibody 
positivity after vaccination according to HIV status and CD4 cell counts
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observed in the overall rate of vaccine adverse events 
after the first (p=0·23) and second dose (p=0·24) between 
groups. Differences after the first dose were not clinically 
significant in people with HIV and people with no known 
immunosuppression for any local reactions (12% vs 21%) 
and sweating (5% vs 1%). Similarly, more mild and 
clinically non-significant adverse reactions occurred 
among people with no known immunosuppression than 
in people with HIV after the second dose, including 
nausea (2% vs 6%), myalgia (4% vs 8%), arthralgia 
(3% vs 8%), shortness of breath (0% vs 3%), and pruritus 
(0% vs 3%).

Discussion
We present the first large cohort study addressing the 
safety and immunogenicity of an inactivated vaccine 
against SARS-CoV-2 among people living with HIV 
compared with people with no known immuno-
suppression. No serious adverse reactions were reported 
during the study; we found a few clinically non-significant 
differences with higher rates of adverse reactions in 
people with no known immunosuppression. At day 69, 
rates of seroconversion and NAb positivity were high in 

both groups. However, overall immunogenicity was 
lower in people with HIV in the unadjusted analysis. At 
day 69, people living with HIV with CD4 counts less than 
500 cells per µL had lower SARS-CoV-2 immunogenicity 
than did those with higher CD4 cell counts.

Differences occurred between groups in baseline 
demographics and clinical characteristics. Female sex 
was more frequent among people with no known 
immunosuppression, and people with HIV were older. 
Both factors have been adjusted for in the multivariable 
model based on a priori hypothesis of a potential 
confounding effect. Regarding comorbidities, the only 
significant differences were higher proportions of 
dyslipidaemia, previous stroke, and chronic kidney 
diseases among people with HIV. The higher rate of 
chronic non-communicable diseases in people with HIV 
than people without HIV is a documented phenomenon.22 
Because of low overall frequency, we did not include 
these variables in the multivariable models addressing 
immunogenicity. Our multivariable models for IgG 
concentrations and positivity, and for NAb percentage 
activity and positivity at day 69 adjusted for age and sex 
showed that people with no known immunosuppression 
and people with HIV with CD4 counts of at least 500 cells 
per µL had significantly higher humoral immunogenicity 
than did people with HIV with CD4 counts less than 
500 cells per µL. These findings were confirmed in the 
sensitivity analysis using generalised estimating 
equations for mean values of IgG and NAb activity at 
days 28 and 69.

Our results are consistent with previous findings on 
immunogenicity elicited by vaccines among people with 
HIV and people with lower than average CD4 cell 
counts.5–7 HIV infection impairs the immune system 
beyond reducing CD4 cell counts,23 which affects various 
immunological pathways causing immune activation, 
impaired humoral and cellular responses, and clinical 
outcomes, including decreased immuno genicity to 
several vaccines. Vaccines such as live attenuated 
yellow fever, inactivated influenza, hepatitis A and B, 
pneumococcal (polysaccharide and conjugated 
formulations), and conjugated Haemophilus influenzae 
type B elicit less robust immune responses in people 
with HIV than in people with no known immuno-
suppression.5,6,8 Vaccine-induced immune responses 
seem to be particularly impaired in advanced or 
uncontrolled HIV infection, with low CD4 cell counts 
and detectable HIV viral load.6 Studies also suggest that 
vaccine-induced immunogenicity might wane more 
rapidly for people with HIV than people with no known 
immunosuppression.7

Studies on the immunogenicity of COVID-19 
vaccines in immunosuppressed patients suggest that 
the antibody response might be impaired in these 
populations. Medeiros-Ribeiro and colleagues24 investi-
gated immuno genicity following CoronaVac in patients 
with auto immune rheumatological diseases and found 
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56% NAb positivity compared with 79% among controls. 
Additional studies evaluating other COVID-19 vaccines, 
such as BNT162b2, also found a reduced antibody 
response in immunosuppressed patients, such as chronic 
cortico steroid users,25 patients taking immuno suppressive 
drugs,26 and solid-organ transplant recipients.27

Few studies have addressed the safety and immuno-
genicity against SARS-CoV-2 after vaccination with 
COVID-19 vaccines among people with HIV. One study15 
assessed people with HIV and controls vaccinated with 
CoronaVac in China and found no significant differences 
in IgG titres comparing 55 people living with HIV and 
21 controls. However, IgG titres were lower in individuals 
with CD4 counts less than 350 cells per µL. One study 
comparing 42 people with HIV and 28 healthy individuals 
vaccinated with two doses of another inactivated 
COVID-19 vaccine (BBIBP-CorV, Sinopharm) showed 
similar IgG, NAb, and antigen-specific T cell responses 
in both groups; however, people with HIV with low 
CD4 to CD8 ratios had lower antibody responses than 
those with medium or high CD4 to CD8 ratios.14 Similar 
humoral responses after vaccination with BNT162b2 
were observed in a study including 261 immunocompetent 
controls and 143 people with HIV with a mean CD4 count 
of 700 cells per µL, 95% of whom had undetectable HIV 
viral loads.10 In a study in South Africa, 52 people living 
with HIV were randomly assigned to receive ChAdOx1, 
of whom 32 were followed up to 14 days after their 
booster doses. The vaccine was well tolerated and 
immunogenicity was similar among people with HIV 
and those with no known immunosuppression; however, 
there was a trend to lower neutralisation responses in 
people with HIV.11 In a study comparing 54 people with 
HIV and 50 people with no known immunosuppression 
vaccinated with ChAdOx1 in the UK, adverse events were 
mild or moderate and occurred at similar rates in both 
groups. Immune responses using SARS-CoV-2 humoral 
and cellular assays were similar regardless of HIV status 
and CD4 cell counts. In this study, all people with HIV 
had antiretroviral treatment, undetectable HIV viral load, 
and CD4 counts of more than 350 cells per µL, with 
median CD4 counts of 694 cells per µL at enrolment.12 In 
our study, although median CD4 cell counts were similar 
between participants, 15 (7%) of 215 participants had 
CD4 counts less than 350 cells per µL and 11% had 
detectable HIV viral load. Differences in clinical 
characteristics of study populations and variations in 
mechanisms and immunogenicity of mRNA, vector-
based, and inactivated vaccines likely account for the 
difference between our findings and other studies’.

Studies comparing the efficacy and effectiveness of 
different COVID-19 vaccines in the general population 
have shown that mRNA vaccines and vector-based 
Gam-COVID-Vax had the highest efficacy in preventing 
symptomatic cases in clinical trials,28 with a decline in 
infection protection observed for BNT161b2, ChAdOx1, 
and CoronaVac from 3–6 months after immunisation.29 

It is still unclear if clinical efficacy and duration of 
protection following COVID-19 vaccination is the same 
in people with HIV.

Our study has a few limitations. As seen in any 
observational study, groups were subject to imbalances 
in demographic and clinical characteristics. Older age 
and fewer women among people with HIV than in 
people with no known immunosuppression could partly 
explain the lower immune response to vaccination, as old 
age has been associated with reduced immunogenicity30 
and female sex was associated with increased vaccine 
immunogenicity and reactogenicity.31 These differences 
could also partly explain the higher rates of some adverse 
reactions among people with no known immuno-
suppression. We fit multivariable regression models, 
including sex and age categories, to adjust for these 
imbalances. In this model, sex and age had no significant 
effect on final NAb positivity, whereas HIV status and 
categories of CD4 cell count remained associated with 
NAb positivity. Another limitation was use of broad 
categories of CD4 cell count due to the low number of 
participants with CD4 counts less than 350 cells per µL. 
Therefore, we were unable to explore the effect of lower 
CD4 cell count on vaccine immunogenicity. Other 
potential problems include short follow-up for 
immunogenicity analysis, risk of residual confounding 
by unadjusted variables, and absence of recent CD4 cell 
count measurements for some people living with HIV.

External validity should not be directly presumed from 
our results. We recruited participants from a single 
clinic; most people with HIV in our study had high 
CD4 cell counts and undetectable viral load, and all 
participants received a two-dose regimen of CoronaVac. 
Populations with different genetic backgrounds, 
different clinical profiles, and exposure to other 
COVID-19 vaccines and regimens might behave 
differently regarding immunogenicity measurements.

Despite some limitations, our study had several 
strengths. We prospectively followed up more than 
200 people living with HIV and almost 300 people with 
no known immunosuppression with negative baseline 
IgG and NAb after a two-dose regimen of CoronaVac and 
measured humoral immune responses at days 28 
and 69. The longitudinal nature of data allowed for 
sensitivity analyses that confirmed findings of higher 
immunogenicity in controls and people with HIV with 
high CD4 cell counts. The sample size also allowed use 
of multivariable models adjusted for age and sex.

Although people with HIV have been acknowledged as 
vulnerable to complications of common viral respiratory 
diseases, such as influenza,32 the interaction between HIV 
and SARS-CoV-2 is still unclear. Some epidemiological 
data suggest no greater risk of detrimental outcomes of 
COVID-19 among people with HIV, especially those with 
well controlled HIV infection;4 however, some studies 
show greater mortality in people with HIV than in people 
with no known immunosuppression.3
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Our results showed that CoronaVac has robust 
immunogenicity in people living with HIV after a two-
dose regimen, but antibody responses in this population 
are slightly lower than in controls. Strategies should be 
developed to improve vaccine-induced immunogenicity 
in people living with HIV, especially in the subgroup 
with low CD4 cell counts. Possible approaches include 
booster doses or administration of higher antigen 
titres per vaccine dose. In September, 2021, the Brazilian 
Immunisation Programme imple mented booster doses 
for COVID-19 vaccination regimens, prioritising adults 
aged 60 years and older and those with immuno-
suppressive conditions, including people with HIV.33 
This strategy should partly counterbalance differ ences in 
immuno genicity in this population. Further studies 
could help to define the best timing for booster doses, as 
well as subgroups of people with HIV who will greatly 
benefit from this intervention.

Although this is the first large, controlled study 
analysing inactivated SARS-CoV-2 vaccine-induced 
immunogenicity among people living with HIV, data on 
clinical efficacy and real-life effectiveness are still scarce 
for this population. More than 38 million people are 
estimated to be living with HIV worldwide, with almost 
1 million cases living in Brazil. With the overlap of these 
two pandemics, it is essential to reinforce strategies 
to mitigate the damage caused by the SARS-CoV-2 
pandemic in an already vulnerable HIV population.
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