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ABSTRACT 
 

Background: Limited data exist regarding longer-term antibody responses following three-dose 

COVID-19 vaccination, and the impact of a first SARS-CoV-2 infection during this time, in 

people living with HIV (PLWH) receiving suppressive antiretroviral therapy (ART). We 

quantified wild-type-(WT), Omicron BA.1- and Omicron BA.5-specific responses up to six 

months post-third dose in 64 PLWH and 117 controls who remained COVID-19-naive or 

experienced their first SARS-CoV-2 infection during this time.  

 

Design: Longitudinal observational cohort. 

 

Methods: We quantified WT- and Omicron-specific Anti-Spike receptor-binding domain IgG 

concentrations, ACE2 displacement activities and live virus neutralization at one, three and six 

months post-third vaccine dose.  

  

Results: Third doses boosted all antibody measures above two-dose levels, but BA.1-specific 

responses remained significantly lower than WT-specific ones, with BA.5-specific responses 

lower still. Serum IgG concentrations declined at similar rates in COVID-19-naive PLWH and 

controls post-third dose (median WT- and BA.1-specific half-lives were between 66-74 days for 

both groups). Antibody function also declined significantly yet comparably between groups: six 

months post-third dose, BA.1-specific neutralization was undetectable in >80% of COVID-19 

naive PLWH and >90% of controls. Breakthrough SARS-CoV-2 infection boosted antibody 

concentrations and function significantly above vaccine-induced levels in both PLWH and 
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controls, though BA.5-specific neutralization remained significantly poorer than BA.1 even post-

breakthrough.    

 

Conclusions: Following three-dose COVID-19 vaccination, antibody response durability in 

PLWH receiving ART is comparable to controls. PLWH also mounted strong responses to 

breakthrough infection. Due to temporal response declines however, COVID-19-naive 

individuals, regardless of HIV status, would benefit from a fourth dose within 6 months of their 

third.  

 

KEY WORDS:  HIV, COVID-19, vaccine, Omicron BA.1, Omicron BA.5, vaccines, humoral 

immunity, hybrid immunity, antibody, viral neutralization, third dose 
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INTRODUCTION   

In British Columbia (BC), Canada, third doses of COVID-19 monovalent mRNA 

vaccines were introduced in November 2021, initially to individuals at risk of severe COVID-19 

outcomes, including some people living with HIV (PLWH). Whether offered as part of a primary 

vaccine series or a "booster", third doses help to maintain systemic immunity and enhance 

protection against infection by viral variants [1-4]. Despite being effective at preventing severe 

disease due to SARS-CoV-2 however, third doses provide limited protection against 

transmission of Omicron subvariants, including BA.1 and BA.5 [5-10], which were estimated to 

infect more than 60% of Canadians by August 2022, despite approximately 50% uptake of third 

doses [11-13].  

Longitudinal monitoring of immune responses post-third dose in PLWH is critical to 

inform the timing of future immunizations in this group. Though some data are available on 

initial immunogenicity to third COVID-19 vaccine doses in PLWH [14, 15], no studies to our 

knowledge have assessed the longer-term durability of responses in this population. Furthermore, 

despite the high incidence of first-time SARS-CoV-2 infections after three vaccine doses, no 

studies to our knowledge have examined the impact of such infections on responses in PLWH. 

Here, we extend prior observations from our cohort [14, 16] by quantifying wild-type-(WT), 

Omicron BA.1- and BA.5-specific responses up to six months post-third vaccine dose in 64 

PLWH and 117 controls who either remained COVID-19-naive or experienced their first 

(presumably Omicron [17]) SARS-CoV-2 infection, during this period.  
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METHODS  

Participants.  

Our cohort was described previously [14]. The present study included 64 PLWH and 117 

controls who remained COVID-19-naive until at least one month post-third vaccine dose. 

Breakthrough SARS-CoV-2 infections were identified through self-reported PCR and/or rapid-

antigen test results and the presence of serum antibodies against Nucleocapsid (N) using the 

Elecsys Anti-SARS-CoV-2 assay (Roche Diagnostics).  

 

Ethics approval.  

This study was approved by the University of British Columbia/Providence Health Care 

and Simon Fraser University Research Ethics Boards.  All participants provided written 

informed consent. 

 

Antibody assays.  

Assays were performed as previously described [14, 18]. IgG-binding antibodies in 

serum were measured against the SARS-CoV-2 Spike Receptor Binding Domain (RBD) using 

the V-plex SARS-CoV-2 (IgG) ELISA kit (Panel 22; Meso Scale Diagnostics), which features 

WT and Omicron-BA.1 RBD antigens, on a Meso QuickPlex SQ120 instrument. Serum was 

diluted 1:10000 and reported in World Health Organization (WHO) International Standard 

Binding Antibody Units (BAU)/mL using the manufacturer-supplied conversions. Surrogate 

virus neutralization activity [19] in serum was measured by competition ELISA using the same 

kit (Panel 22; V-plex SARS-CoV-2 [ACE2]) to measure blockade of the RBD-ACE2 receptor 

interaction. Sera were diluted 1:40 and results reported as % ACE2 displacement. Virus 
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neutralizing activity in plasma was assessed using live WT (USA-WA1/2020; BEI Resources), 

and two local isolates identified as Omicron BA.1 (GISAID Accession# EPI_ISL_9805779) and 

Omicron BA.5 (GISAID Accession# EPI_ISL_15226696) on VeroE6-TMPRSS2 (JCRB-1819) 

target cells [18]. Virus stocks were diluted to 50 TCID50/200 µl in the presence of serial 2-fold 

plasma dilutions (1/20 to 1/2560) and added to target cells in triplicate. Viral cytopathic effects 

(CPE) were recorded three days post-infection. Neutralization was reported as the highest 

reciprocal dilution able to prevent CPE in all three wells. Partial or no neutralization at 1/20 

dilution was considered below the limit of quantification (BLOQ) and coded as a reciprocal 

dilution of 10.  

 

Statistical analyses.  

Continuous variables were compared using the Mann-Whitney U-test (unpaired data) or 

Wilcoxon test (paired data). Relationships between continuous variables were assessed using 

Spearman's correlation. In participants who remained COVID-19 naive, multiple linear 

regression was used to investigate the relationship between HIV infection and vaccine-induced 

immune measures using a confounder model that adjusted for variables that could influence 

vaccine responses or that differed in prevalence between groups. For Omicron-specific 

neutralization at 6 months post-third dose, multiple logistic regression was used due to the high 

proportion of results BLOQ. Included variables were: HIV infection (controls as reference 

group), age (per year), sex at birth (female as reference), ethnicity (non-white as reference), 

number of chronic conditions (per additional), dual ChAdOx1 as the initial regimen (mRNA or 

mixed [ChAdOx1/mRNA] regimen as the combined reference group) [14, 16], third COVID-19 

mRNA dose brand (BNT162b2 as reference) and the interval between second and third doses 
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(per day). Plasma neutralization models also corrected for anticoagulant (ACD as reference). All 

tests were two-tailed, with p<0.05 considered statistically significant. Analyses were conducted 

using Prism v9.2.0 (GraphPad). 

 

RESULTS 

Participant characteristics 

 Characteristics of the 64 PLWH and 117 controls, all of whom remained COVID-19-

naive until at least one month post-third dose, are shown in Table 1. All PLWH had suppressed 

plasma HIV viremia on ART, median CD4+ T-cell counts of 645 (Interquartile Range [IQR] 

473-958) cells/mm3, and median nadir CD4+ T-cell counts of 225 (IQR 95-485) cells/mm3, at 

enrolment. PLWH were a median of 57 (IQR 42-65) years old and 90% male; controls were a 

median 47 (IQR 35-72) years old and 73% female. PLWH had a higher proportion of white 

ethnicity (72%, compared to 55% in controls) and more chronic health conditions (median 1 

[IQR 1-3] compared to 0 [IQR 0-1] in controls). More PLWH (10%) than controls (<1%) 

received two doses of the recombinant viral vector ChAdOx1 vaccine as their initial 

immunization series. All third doses were monovalent mRNA vaccines, either BNT162b2 

(30mcg) or mRNA-1273 (50 or 100mcg). Most PLWH (69%) and controls (62%) received 

mRNA-1273, where, per local guidelines, all adults aged ≥ 70 years were eligible for a 100mcg 

mRNA-1273 dose, as were PLWH who met one or more of the following criteria: age ≥ 65 

years, prior AIDS-defining illness, prior CD4 count <200 cells/mm3, prior CD4 fraction ≤ 15%, 

any plasma HIV load >50 copies/mL in 2021, or perinatally-acquired HIV [20]. Third vaccine 

doses were administered approximately 6.5 months after the second dose. 
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A total of 24 (38%) PLWH and 45 (39%) controls experienced their first SARS-CoV-2 

infection between one and six months post-third dose (one control experienced two infections 

during this period [21]). Based on the 56 (81%) participants for whom infection timing was 

available, infections occurred a median 105 (IQR 76-137) days post-third dose, or a median date 

of 10-Apr-2022 (IQR 28-Feb–04-May), with no temporal differences between PLWH and 

controls (p=0.4). Though SARS-CoV-2 variant information is unavailable for individual 

infections, most were likely Omicron BA.1 or BA.2 based on local epidemiology at the time 

[17].  

 

Longitudinal binding IgG responses following three-dose vaccination  

As reported previously, WT-specific serum IgG concentrations were comparable in 

COVID-19-naive PLWH and controls one month post-third dose (and also not significantly 

different post-second dose after adjustment for sociodemographic, health and vaccine-related 

variables [14, 16]) (Figure 1A). WT-specific IgG concentrations one month post-third dose were 

3.70 (IQR 3.47-3.94) log10 BAU/mL in COVID-19-naive PLWH and 3.67 (IQR 3.50-3.86) log10 

BAU/mL in controls, respectively (p=0.5). Following this, WT-specific IgG responses declined 

comparably in COVID-19-naive PLWH and controls:  at three months, WT-specific IgG 

responses in PLWH and controls declined to a median 3.48 (IQR 3.12-3.75) and 3.40 (IQR 3.21-

3.61) log10 BAU/mL, respectively (p=0.5), while by six months, responses had declined to a 

median 2.96 (IQR 2.62-3.38) and 3.06 (IQR 2.82-3.24) log10 BAU/mL in PLWH and controls, 

respectively (p=0.4) (Figure 1A; also see Figure 1B). Indeed, by six months post-third dose, 

WT-specific IgG concentrations in COVID-19-naive PLWH had declined to levels comparable 
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to those initially elicited by two vaccine doses (p=0.16), whereas those in controls had declined 

to significantly lower than post-second dose levels (p<0.0001) (Figure 1A).   

Similarly, BA.1-specific IgG responses were comparable in COVID-19-naive PLWH and 

controls at all post-third dose time points (all comparisons p≥0.15; Figure 1A). Nevertheless, 

BA.1-specific responses were significantly lower than WT-specific responses in all groups at all 

time points (all within-group comparisons of WT- and BA.1-specific responses were p<0.0001; 

not shown). One month post-third dose for example, BA.1-specific IgG concentrations were 2.96 

(IQR 2.71-3.32) log10 BAU/mL in PLWH, which was 0.74 log10 BAU/mL lower than WT-

specific concentrations at this time.  By six months BA.1-specific IgG concentrations had 

declined to 2.47 (IQR 2.14-2.59) log10 BAU/mL in PLWH, which was 0.49 log10 BAU/mL lower 

than WT-specific concentrations at this time. 

We next performed multivariable analyses adjusting for sociodemographic, health and 

vaccine-related variables to identify variables associated with WT- and BA.1-specific IgG 

concentrations at six months post-third dose in the COVID-19-naive subgroup. These analyses 

revealed that a higher number of chronic health conditions - but not HIV infection - was 

associated with poorer IgG responses at this time (p=0.028 for WT-specific responses; p= 0.016 

for BA.1-specific responses), as was male sex (p=0.012 for BA.1-specific responses) 

(Supplementary Table 1). In fact, adjusted IgG concentrations were slightly higher in PLWH 

compared to controls. Moreover, receipt of an mRNA-1273 third dose (rather than BNT162b2) 

was associated with stronger WT-specific IgG responses (p=0.029), though not BA.1-specific 

responses (p=0.13). Among PLWH, we also observed no significant relationship between most 

recent or nadir CD4+ T-cell count and either WT- or BA.1-specific IgG concentrations at this 

time (p≥0.3; Supplementary Figure 1).  
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We estimated the half-lives of WT-specific IgG following three-dose vaccination to be a 

median 66 (IQR 47-89) days in COVID-19-naive PLWH compared to 72 (IQR 54-96) days in 

controls, a difference that was not statistically significant (p=0.2; Supplementary Figure 2). 

Estimated BA.1-specific IgG half-lives were also comparable, at a median 71 (IQR 49-104) days 

for PLWH compared to 74 (IQR 59-90) days in controls (p=0.8). Multivariable analyses 

confirmed that HIV infection was not associated with WT- or BA.1-specific IgG half-lives post-

third dose (Supplementary Table 2). Among COVID-19-naive PLWH, we initially observed a 

weak inverse correlation between recent CD4+ T-cell count and IgG half-life, but this was not 

significant after excluding an outlier with a long (>200 day) half-life (Supplementary Figure 1).  

By contrast, the nearly 40% of PLWH and controls who experienced their first SARS-

CoV-2 infection between one and six months post-third dose exhibited markedly higher WT- and 

BA.1-specific IgG concentrations than their COVID-19-naive counterparts at all post-infection 

time points (all comparisons p<0.0001 in Figure 1A; also see Figure 1B). In fact, at six months 

post-third dose, IgG responses in this "hybrid immunity" group were significantly higher than 

those initially induced by vaccination alone, e.g. BA.1-specific IgG concentrations were a 

median 3.26 log10 BAU/mL (IQR 2.93-3.52), which was 0.27 log10 BAU/mL higher than at one 

month post-third dose (p<0.0001). Importantly, "hybrid" IgG response magnitude was 

comparable between PLWH and controls (all p≥0.2; Figure 1B). Notably, while most 

participants experienced a marked boost in antibody levels following SARS-CoV-2 infection, 

IgG responses in a minority of PLWH and controls remained constant or even declined post-

infection (Figure 1B).  
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Longitudinal ACE2 displacement activity following three-dose vaccination  

One month post-third dose, WT-specific ACE2 displacement activity in COVID-19-naive 

PLWH was a median 99.6% (IQR 98.7-99.8%) compared to 99.1% (IQR 97.0-99.6%) in 

controls (univariable p=0.002; Figure 2A), though this did not remain significant after 

multivariable adjustment (not shown). Following this, WT-specific ACE2 displacement activities 

declined similarly in both COVID-19-naive groups: at three months, activities had decreased to a 

median 97.9% (IQR 88.8-99.6) in PLWH versus 98.8% (IQR 94.5-99.5) in controls (p=0.8), 

while by six months, activities had decreased to a median 87.0% (IQR 67.5-98.1) in PLWH 

versus 93.6% (IQR 81.5-97.8) in controls (p=0.3), levels that were comparable or lower than 

after two-dose vaccination (all p<0.1) (Figures 2A and 2B). BA.1-specific responses remained 

significantly lower than WT-specific responses at all time points (all within-group comparisons 

for WT- and BA.1-specific responses p<0.0001; not shown), but these responses also declined 

similarly in COVID-19-naive PLWH and controls (Figure 2A). Between one and six months 

post-third dose for example, BA.1-specific ACE2 displacement activities decreased from a 

median 58.5% (IQR 33.2-78.2%) in PLWH and 63.4% (IQR 44.1-77.9%) in controls (p=0.4), to 

30.8% (IQR 23.0-54.1) in PLWH and 25.9% (IQR 12.1-52.2) in controls (p=0.3), where the 

latter values were significantly lower than those observed after two-dose vaccination (all 

comparisons p≤0.02). 

Multivariable analyses confirmed that, among COVID-19-naive participants, HIV 

infection was not associated with either WT- or BA-1-specific ACE2 displacement activities at 6 

months post-third dose (Supplementary Table 3). Rather, having received a mRNA-1273 third 

dose was the only independent correlate of stronger WT-specific ACE2 displacement activity at 

this time (p=0.0025). There was also no evidence that a low recent or nadir CD4+ T-cell count 
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was associated with lower WT- or BA.1-specific ACE2 displacement activities 6 months post-

third dose in COVID-19-naive PLWH (in fact we observed a weak inverse relationship between 

nadir CD4+ T-cell count and Omicron BA.1-specific ACE2 displacement at this time; 

Supplementary Figure 1). This was consistent with prior observations at one month post-third 

dose, which we attributed to the observation that PLWH with low nadir CD4+ T-cell counts were 

eligible for the higher (100mcg) third mRNA-1273 dose [14]. 

Similar to IgG concentrations, a SARS-CoV-2 breakthrough infection markedly boosted 

WT- and BA.1-specific ACE2 displacement activities at both three and six months post-third 

dose (all p<0.0001), where activities at six months in this group were overall significantly greater 

than peak responses induced by three-dose vaccination (both p<0.0001) (Figure 2A). For 

instance, BA.1-specific ACE2 displacement activity was 95.5% (IQR 90.6-97.6) in the hybrid 

group six months post-third dose, which was 31% higher than that elicited by vaccination alone. 

Importantly, hybrid response magnitude was comparable between PLWH and controls (all 

p≥0.2; Figure 2B), though it is again notable that a minority of PLWH and controls did not show 

appreciable increases in this activity following infection (Figure 2B). 

 

Longitudinal viral neutralization activity following three-dose vaccination  

One month post-third dose, WT-specific neutralization activity in PLWH (median 

reciprocal plasma dilution 320; IQR 160-1280) was slightly higher than in controls (median 320, 

IQR 160-320; p=0.004) (Figure 3A), though this did not remain significant after multivariable 

adjustment as previously reported [14].. COVID-19-naive PLWH continued to maintain higher 

WT-specific neutralization throughout follow-up: by three months, neutralization declined to 160 

(IQR 80-320) in PLWH compared to 80 (IQR 40-160) in controls (p=0.02), while by six months, 
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neutralization had declined to a median 80 (IQR 35-160) in PLWH and 40 (IQR 20-80) in 

controls (p=0.006), values that were below the levels originally elicited by two-dose vaccination 

(both groups p≤0.01). After multivariable adjustment, HIV infection did not remain significantly 

associated with WT-specific neutralization activity at six months post-second dose; rather a 

higher number of health conditions was the only variable independently associated with poorer 

WT-specific neutralization at this time (Supplemental Table 4).  

BA.1-specific neutralization was significantly lower than WT responses at all timepoints 

for all groups (all p<0.0001; not shown), though responses in PLWH were not further impaired 

compared to controls. In fact, one month post-third dose, BA.1-specific neutralization was higher 

in PLWH compared to controls: a median 60 (IQR 25 - 160) and 40 (IQR 20 - 40) respectively 

(p=0.0005), though these values were 5-to-8-fold lower than corresponding WT-specific 

responses. BA.1-specific neutralization subsequently declined rapidly; at three months, this was 

BLOQ in 67.4% of COVID-19-naive PLWH and 80.5% of controls (p=0.2), while at six months, 

this was BLOQ in 82.4% of PLWH and 92.2% of controls (p=0.2), levels that were significantly 

lower than after two-dose vaccination (all comparisons p≤0.01). In multivariable analyses, older 

age - but not HIV infection - was the only significant correlate of poorer BA.1-specific 

neutralization among COVID-19-naive individuals at six month post-third dose (p=0.045; 

Supplementary Table 4). We also observed no significant associations between CD4+ T-cell 

parameters and either WT- or BA-1-specific neutralization at six months among COVID-19-

naive PLWH (p≥0.3; Supplementary Figure 1).  

By contrast, individuals who experienced breakthrough infection showed significantly 

stronger WT- and BA.1-specific neutralization compared to their COVID-19-naive counterparts 

at three and six months (all p<0.0001; Figure 3A), responses that were significantly higher than 
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those induced by vaccination alone (all comparisons p≤0.0001) (Figure 3A). At six months for 

example, BA.1-specific responses in participants with hybrid immunity were a median 80 (IQR 

80-280), compared to the cohort median of 40 (IQR 20-80) one month post-third dose. 

Importantly, the magnitude of hybrid immunity was comparable between PLWH and controls at 

all post-infection time points (all p≥0.2; Figure 3B).  

 

Responses to newer Omicron variants – BA.5 

Since the emergence of Omicron BA.1, even more immune evasive variants have 

developed, including Omicron BA.5 that has dominated globally [22-25]. We therefore 

longitudinally assessed BA.5-specific neutralization activity in a subset of 18 PLWH and 28 

controls who experienced breakthrough infections, which were likely caused by BA.1 or BA.2 

based on local epidemiology [17]. One month post-third dose, and prior to SARS-CoV-2 

infection, the median reciprocal dilution required for BA.5 neutralization was 20 (IQR BLOQ-

20) in this subset, which was two-fold lower than that for BA.1 (median 40, IQR 20-80; 

p=0.0005), and 160-fold lower than that for WT (median 320, IQR 160-640; p<0.0001) (Figure 

4A). While neutralization activity against all three virus strains rose significantly post-infection, 

(all p<0.0001; Figure 4B), BA.5-specific neutralization (median 160, IQR 80-200) remained 

lower than that against BA.1 (median 160, IQR 80-320; p=0.007) and WT (median 640, IQR 

320-2560; p<0.0001) (Figure 4A). No significant differences were observed between PLWH 

and controls in their ability to neutralize any virus strains after infection (all p≥0.4) (Figure 4B).  
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DISCUSSION 

Our results demonstrate that antibody response durability following three-dose COVID-

19 vaccination in COVID-19-naive PLWH receiving suppressive ART is comparable to controls 

without HIV. As we reported previously [14, 16], initial peak antibody responses after three-dose 

vaccination were similar between PLWH and controls, and our new data additionally show that 

WT- and Omicron-specific IgG concentrations, ACE2 displacement and virus neutralization 

activities declined at similar rates among PLWH and controls who remained COVID-19-naive 

throughout follow-up. Multivariable analyses adjusting for sociodemographic, health and 

vaccine-related variables confirmed that there was no significant impact of HIV infection on any 

antibody outcome measure. Nevertheless, by six months post-third dose, all antibody responses 

in COVID-19-naive participants, regardless of HIV status, had declined to similar or lower levels 

than those observed at one month after two vaccine doses. In fact, as early as three months post-

third dose, BA.1-specific neutralization was already below the limit of quantification in ~75% of 

COVID-19-naive participants, regardless of HIV status. Moreover, and consistent with recent 

reports [26-28], the ability to neutralize BA.5 was even poorer than BA.1.   

By contrast, almost all participants who experienced their first SARS-CoV-2 infection 

(presumably BA.1 or BA.2 [17]) post-third dose displayed enhanced antibody responses to all 

viral variants tested. In fact, at 6 months post-third dose, all antibody measures in breakthrough 

infection cases were on average higher than those elicited by vaccination alone. Importantly, the 

magnitude of hybrid responses in PLWH was consistently comparable to those of controls. 

Nevertheless, it was notable that responses to BA.5 remained significantly lower than those 

against WT and BA.1 even after infection, and that a minority of participants failed to show 

improved antibody responses post-infection, a phenomenon which requires further study.  
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Our study has several limitations. Our observations may not be generalizable to PLWH 

with low CD4+ T-cell counts and/or who are not receiving suppressive ART. Indeed, results 

from several studies indicate that PLWH with CD4+ T-cell counts below 500 cells/mm3 mount 

weaker responses to the first [29-31] and second [30-37] doses of COVID-19 vaccine. In 

addition, we did not assess cellular immunity in participants. Furthermore, any recommendations 

based on our results are limited by the emergence of new SARS-CoV-2 variants, including 

strains that may be more immune-evasive than BA.5 (e.g. BA.2.75) [38-42]. 

 

CONCLUSIONS 

Our observations confirm the humoral immune benefits of third COVID-19 vaccine 

doses in PLWH receiving suppressive ART, and further reveal that the durability of third-dose 

responses is comparable to that in persons without HIV. Nevertheless, regardless of HIV status, 

individuals who remain COVID-19-naive will benefit from a fourth dose within 3-6 months of 

their third dose, since antibody concentrations and neutralization activities declined markedly 

over time in this group, and the ability of vaccine-induced responses to neutralize the dominant 

Omicron BA.5 variant were even poorer than BA.1. By contrast, the majority of individuals who 

experienced their first SARS-CoV-2 infection post-third vaccine dose showed significantly 

higher antibody activities than those induced by vaccination alone, though anti-BA.5 responses 

remained weaker than anti-BA.1, even after breakthrough infection. Nevertheless, these 

observations suggest that a slightly delayed fourth dose (e.g. to 3-6 months following infection) 

would optimally benefit this group. Further studies of hybrid response durability are required, as 

are direct comparisons with immune responses elicited by a fourth dose in COVID-19-naive 
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individuals, particularly in light of new bivalent formulations that include WT and Omicron 

Spike antigens. 
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FIGURE LEGENDS 

Figure 1. WT- and Omicron BA.1-specific anti-RBD IgG concentrations following three-

dose COVID-19 vaccination. Panel A: Longitudinal serum anti-RBD IgG concentrations 

specific to WT (left side) and Omicron BA.1 (right side) in COVID-19-naïve people living with 

HIV (PLWH; orange circles) and controls (CTRL; blue circles). Any participant who 

experienced a SARS-CoV-2 breakthrough infection between 1-3 or 3-6 months post-third dose 

was reclassified into the "hybrid" group at their following study visit, with PLWH in orange and 

CTRL in blue circles. At six months post-third dose, the darker-colored symbols in the hybrid 

group denote recent infections that occurred between 3-6 months, while the lighter-colored 

symbols denote the infections that had previously occurred between 1-3 months. Red bars 

indicate median and IQR. Comparisons between independent groups were performed using the 

Mann-Whitney U-test; longitudinal paired comparisons were performed using the Wilcoxon 

matched pairs test. P-values are not corrected for multiple comparisons. Panel B: Same data as 

panel A, but where serum anti-RBD IgG concentrations are plotted longitudinally by participant 

(PLWH in orange, CTRL in blue). Participants are stratified into three groups: those who 

remained COVID-19-naïve throughout the study, those who experienced a SARS-CoV-2 

breakthrough infection between 1-3 months post-third dose, those who experienced a SARS-

CoV-2 breakthrough infection between 3-6 months post-third dose. Horizontal red lines denote 

the overall median response at each time point, where PLWH and CTRL are treated as a 

combined group. P-values above larger brackets compare responses between time points using 

the Wilcoxon matched pairs test, where PLWH and CTRL are treated as a combined group. P-

values above small brackets compare responses between PLWH and CTRL at each time point 
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post-SARS-CoV-2 infection using the Mann-Whitney U test. P-values are not corrected for 

multiple comparisons.  

 

Figure 2. WT- and Omicron BA.1-specific ACE2 displacement function following three-

dose COVID-19 vaccination. Panel A: Same as Figure 1A, but for ACE2 displacement activity 

in serum, a surrogate measure of virus neutralization, where results are reported in terms of % 

ACE2 displacement. Panel B: Same data as panel A, but where ACE2 % displacement activities 

are plotted longitudinally by participant (PLWH in orange, CTRL in blue). The legend is the 

same as for Figure 1B.  

 

Figure 3. WT- and Omicron BA.1-specific live virus neutralization activity following three-

dose COVID-19 vaccination. Panel A: Same as Figure 1A, but for live virus neutralization 

activity, defined as the lowest reciprocal plasma dilution at which neutralization was observed in 

all wells of a triplicate assay. Serial two-fold dilutions of 1/20 (lower limit of quantification; 

LLOQ) to 1/2560 (upper limit of quantification; ULOQ) were tested. Plasma samples showing 

neutralization in fewer than three wells at a 1/20 dilution are displayed as a reciprocal dilution of 

"10" and were reported as below limit of quantification (BLOQ) in the text. Omicron BA.1 

specific neutralization was performed on a subset of samples only. Panel B: Same data as panel 

A, but where neutralization activities are plotted longitudinally by participant (PLWH in orange, 

CTRL in blue). The legend is the same as for Figure 1B. Note that many data points are 

superimposed in both panels. 
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Figure 4. WT-, Omicron BA.1- and Omicron BA.5-specific live virus neutralization activity 

before and after breakthrough infection.  Panel A: WT-, Omicron BA.1- and Omicron BA.5-

specific neutralization activities in 18 PLWH (orange circles) and 28 CTRL (blue circles) one 

month after the 3rd vaccine dose ("vaccine only") and after subsequent SARS-CoV-2 infection 

("hybrid"). In this panel, data are plotted to facilitate comparisons between variant-specific 

neutralization activities, before and after breakthrough infection. P-values, computed on PLWH 

and CTRL as a combined group, were computed using the Wilcoxon matched pairs test.  P-

values are not corrected for multiple comparisons. ULOQ/LLOQ: upper/lower limit of 

quantification. Panel B: Same data as in panel A, but plotted longitudinally by participant to 

highlight the impact of breakthrough infection on neutralization activity. Red lines indicate 

medians of PLWH and CTRL as a combined group. P-values on top of large brackets compare 

paired responses before and after breakthrough infection using the Wilcoxon matched pairs test.  

P-values above small brackets compare responses between PLWH and CTRL at the post-

infection time point using the Mann-Whitney U test. Note that a large number of points are 

superimposed in this plot.   

 

Supplemental Figures  

 

Supplemental Figure 1: Relationships between most recent and nadir CD4+ T-cell counts and 

humoral responses six months post-third vaccine dose. Relationships were assessed using 

Spearman's correlation. Measurements against wild-type (WT) SARS-CoV-2 are indicated by 

black symbols; measurements against Omicron BA.1 are indicated by open symbols. Analyses 

are restricted to COVID-19-naïve PLWH. ULOQ/LLOQ: upper/lower limit of quantification  
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Supplemental Figure 2: Temporal declines in WT- and Omicron BA.1-specific anti-RBD 

IgG concentrations following three-dose COVID-19 vaccination. Panel A: Temporal declines 

in WT-specific anti-RBD IgG concentrations following three-dose vaccination in PLWH 

(orange) and CTRL (blue) who remained COVID-19-naïve during follow-up, and who 

completed all post-third dose visits. Panel B: Estimated WT-specific IgG half-lives following 

three-dose vaccination, calculated by fitting an exponential curve to each participant's data in 

panel B. Red bars and whiskers represent the median and IQR. P-values were computed using 

the Mann-Whitney U-test. Panel C: Same as panel A, but for Omicron (BA.1)-specific anti-RBD 

IgG concentration. Panel D: Same as panel B, but for half-lives calculated from the BA.1-

specific data.  

 

 

 

 

 

  

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted November 7, 2022. ; https://doi.org/10.1101/2022.11.03.22281912doi: medRxiv preprint 

https://doi.org/10.1101/2022.11.03.22281912
http://creativecommons.org/licenses/by-nc-nd/4.0/


 23

REFERENCES 

1. Barda N, Dagan N, Cohen C, Hernan MA, Lipsitch M, Kohane IS, et al. Effectiveness of 
a third dose of the BNT162b2 mRNA COVID-19 vaccine for preventing severe outcomes 
in Israel: an observational study. Lancet 2021,398:2093-2100. 

2. Eliakim-Raz N, Leibovici-Weisman Y, Stemmer A, Ness A, Awwad M, Ghantous N, et 
al. Antibody Titers Before and After a Third Dose of the SARS-CoV-2 BNT162b2 
Vaccine in Adults Aged >/=60 Years. JAMA 2021,326:2203-2204. 

3. Moreira ED, Jr., Kitchin N, Xu X, Dychter SS, Lockhart S, Gurtman A, et al. Safety and 
Efficacy of a Third Dose of BNT162b2 Covid-19 Vaccine. N Engl J Med 2022,386:1910-
1921. 

4. Yoon SK, Hegmann KT, Thiese MS, Burgess JL, Ellingson K, Lutrick K, et al. 
Protection with a Third Dose of mRNA Vaccine against SARS-CoV-2 Variants in 
Frontline Workers. N Engl J Med 2022,386:1855-1857. 

5. Tegally H, Moir M, Everatt J, Giovanetti M, Scheepers C, Wilkinson E, et al. Emergence 
of SARS-CoV-2 Omicron lineages BA.4 and BA.5 in South Africa. Nat Med 
2022,28:1785-1790. 

6. Abu-Raddad LJ, Chemaitelly H, Ayoub HH, Almukdad S, Yassine HM, Al-Khatib HA, 
et al. Effect of mRNA Vaccine Boosters against SARS-CoV-2 Omicron Infection in 
Qatar. New England Journal of Medicine 2022,386:1804-1816. 

7. Andrews N, Stowe J, Kirsebom F, Toffa S, Rickeard T, Gallagher E, et al. Covid-19 
Vaccine Effectiveness against the Omicron (B.1.1.529) Variant. New England Journal of 
Medicine 2022,386:1532-1546. 

8. Christensen PA, Olsen RJ, Long SW, Snehal R, Davis JJ, Ojeda Saavedra M, et al. 
Signals of Significantly Increased Vaccine Breakthrough, Decreased Hospitalization 
Rates, and Less Severe Disease in Patients with Coronavirus Disease 2019 Caused by the 
Omicron Variant of Severe Acute Respiratory Syndrome Coronavirus 2 in 
Houston, Texas. The American Journal of Pathology 2022,192:642-652. 

9. Stærke NB, Reekie J, Nielsen H, Benfield T, Wiese L, Knudsen LS, et al. Levels of 
SARS-CoV-2 antibodies among fully vaccinated individuals with Delta or Omicron 
variant breakthrough infections. Nature Communications 2022,13. 

10. Seki Y, Yoshihara Y, Nojima K, Momose H, Fukushi S, Moriyama S, et al. Safety and 
immunogenicity of the Pfizer/BioNTech SARS-CoV-2 mRNA third booster vaccine dose 
against the BA.1 and BA.2 Omicron variants. Med (N Y) 2022,3:406-421.e404. 

11. Seroprevalence in Canada. In: 
https://www.covid19immunitytaskforce.ca/seroprevalence-in-canada/; 2022. 

12. Epidemiological summary of COVID-19 cases in Canada. In: Public Health Agency of 
Canada; 2022. 

13. Skowronski DM, Kaweski SE, Irvine MA, Kim S, Chuang ES, Sabaiduc S, et al. Serial 
cross-sectional estimation of vaccine and infection-induced SARS-CoV-2 sero-
prevalence in children and adults, British Columbia, Canada: March 2020 to August 
2022. medRxiv 2022. 

14. Lapointe HR, Mwimanzi F, Cheung PK, Sang Y, Yaseen F, Umviligihozo G, et al. 
People with HIV receiving suppressive antiretroviral therapy show typical antibody 
durability after dual COVID-19 vaccination, and strong third dose responses. J Infect Dis 
2022. 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted November 7, 2022. ; https://doi.org/10.1101/2022.11.03.22281912doi: medRxiv preprint 

https://doi.org/10.1101/2022.11.03.22281912
http://creativecommons.org/licenses/by-nc-nd/4.0/


 24

15. Vergori A, Cozzi Lepri A, Cicalini S, Matusali G, Bordoni V, Lanini S, et al. 
Immunogenicity to COVID-19 mRNA vaccine third dose in people living with HIV. Nat 
Commun 2022,13:4922. 

16. Brumme ZL, Mwimanzi F, Lapointe HR, Cheung PK, Sang Y, Duncan MC, et al. 
Humoral immune responses to COVID-19 vaccination in people living with HIV 
receiving suppressive antiretroviral therapy. NPJ Vaccines 2022,7:28. 

17. BC Centre for Disease Control. Weekly update on Variants of Concern. In; 2022. 
18. Mwimanzi F, Lapointe HR, Cheung PK, Sang Y, Yaseen F, Umviligihozo G, et al. Older 

adults mount less durable humoral responses to two doses of COVID-19 mRNA vaccine, 
but strong initial responses to a third dose. J Infect Dis 2022. 

19. Tan CW, Chia WN, Qin X, Liu P, Chen MI-C, Tiu C, et al. A SARS-CoV-2 surrogate 
virus neutralization test based on antibody-mediated blockage of ACE2–spike protein–
protein interaction. Nature Biotechnology 2020,38:1073-1078. 

20. Government of British Columbia. Immunize BC: Covid-19 vaccines. In: Public Health 
Association of BC; 2022. 

21. Lapointe HR, Mwimanzi F, Cheung PK, Sang Y, Yaseen F, Kalikawe R, et al. Serial 
infection with SARS-CoV-2 Omicron BA.1 and BA.2 following three-dose COVID-19 
vaccination. Frontiers in Immunology 2022,13. 

22. European Centre for Disease Control. Situation updates on COVID-19: SARS-CoV-2 
variants of concern. In; 2022. 

23. Government of Canada. COVID-19 epidemiology update. In; 2022. 
24. Centers for Disease Control and Prevention U. COVID Data Tracker: Variant 

Proportions. In; 2022. 
25. World Health Organization. Coronavirus Update 80: What we know about new COVID-

19 Variants of Concern. In: EPI-WIN Updates. ; 2022. 
26. Khan K, Karim F, Ganga Y, Bernstein M, Jule Z, Reedoy K, et al. Omicron BA.4/BA.5 

escape neutralizing immunity elicited by BA.1 infection. Nat Commun 2022,13:4686. 
27. Aggarwal A, Akerman A, Milogiannakis V, Silva MR, Walker G, Stella AO, et al. 

SARS-CoV-2 Omicron BA.5: Evolving tropism and evasion of potent humoral responses 
and resistance to clinical immunotherapeutics relative to viral variants of concern. 
EBioMedicine 2022,84:104270. 

28. Cao Y, Yisimayi A, Jian F, Song W, Xiao T, Wang L, et al. BA.2.12.1, BA.4 and BA.5 
escape antibodies elicited by Omicron infection. Nature 2022,608:593-602. 

29. Nault L, Marchitto L, Goyette G, Tremblay-Sher D, Fortin C, Martel-Laferrière V, et al. 
Covid-19 vaccine immunogenicity in people living with HIV-1. Vaccine 2022,40:3633-
3637. 

30. Madhi SA, Koen AL, Izu A, Fairlie L, Cutland CL, Baillie V, et al. Safety and 
immunogenicity of the ChAdOx1 nCoV-19 (AZD1222) vaccine against SARS-CoV-2 in 
people living with and without HIV in South Africa: an interim analysis of a randomised, 
double-blind, placebo-controlled, phase 1B/2A trial. Lancet HIV 2021,8:e568-e580. 

31. Tuan JJ, Zapata H, Critch-Gilfillan T, Ryall L, Turcotte B, Mutic S, et al. Qualitative 
assessment of anti-SARS-CoV-2 spike protein immunogenicity (QUASI) after COVID-
19 vaccination in older people living with HIV. HIV Med 2022,23:178-185. 

32. Frater J, Ewer KJ, Ogbe A, Pace M, Adele S, Adland E, et al. Safety and immunogenicity 
of the ChAdOx1 nCoV-19 (AZD1222) vaccine against SARS-CoV-2 in HIV infection: a 
single-arm substudy of a phase 2/3 clinical trial. Lancet HIV 2021,8:e474-e485. 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted November 7, 2022. ; https://doi.org/10.1101/2022.11.03.22281912doi: medRxiv preprint 

https://doi.org/10.1101/2022.11.03.22281912
http://creativecommons.org/licenses/by-nc-nd/4.0/


 25

33. Woldemeskel BA, Karaba AH, Garliss CC, Beck EJ, Wang KH, Laeyendecker O, et al. 
The BNT162b2 mRNA Vaccine Elicits Robust Humoral and Cellular Immune Responses 
in People Living With Human Immunodeficiency Virus (HIV). Clin Infect Dis 
2022,74:1268-1270. 

34. Hassold N, Brichler S, Ouedraogo E, Leclerc D, Carroue S, Gater Y, et al. Impaired 
antibody response to COVID-19 vaccination in advanced HIV infection. Aids 
2022,36:F1-f5. 

35. Spinelli MA, Peluso MJ, Lynch KL, Yun C, Glidden DV, Henrich TJ, et al. Differences 
in Post-mRNA Vaccination Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) Immunoglobulin G (IgG) Concentrations and Surrogate Virus Neutralization 
Test Response by Human Immunodeficiency Virus (HIV) Status and Type of Vaccine: A 
Matched Case-Control Observational Study. Clin Infect Dis 2022,75:e916-e919. 

36. Antinori A, Cicalini S, Meschi S, Bordoni V, Lorenzini P, Vergori A, et al. Humoral and 
Cellular Immune Response Elicited by mRNA Vaccination Against Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) in People Living With Human 
Immunodeficiency Virus Receiving Antiretroviral Therapy Based on Current CD4 T-
Lymphocyte Count. Clin Infect Dis 2022,75:e552-e563. 

37. Jedicke N, Stankov MV, Cossmann A, Dopfer-Jablonka A, Knuth C, Ahrenstorf G, et al. 
Humoral immune response following prime and boost BNT162b2 vaccination in people 
living with HIV on antiretroviral therapy. HIV Med 2022,23:558-563. 

38. Cao Y, Song W, Wang L, Liu P, Yue C, Jian F, et al. Characterization of the enhanced 
infectivity and antibody evasion of Omicron BA.2.75. Cell Host Microbe 2022. 

39. Sheward DJ, Kim C, Fischbach J, Sato K, Muschiol S, Ehling RA, et al. Omicron 
sublineage BA.2.75.2 exhibits extensive escape from neutralising antibodies. Lancet 
Infect Dis 2022,22:1538-1540. 

40. Qu P, Evans JP, Zheng YM, Carlin C, Saif LJ, Oltz EM, et al. Evasion of neutralizing 
antibody responses by the SARS-CoV-2 BA.2.75 variant. Cell Host Microbe 2022. 

41. Wang Q, Iketani S, Li Z, Guo Y, Yeh AY, Liu M, et al. Antigenic characterization of the 
SARS-CoV-2 Omicron subvariant BA.2.75. Cell Host Microbe 2022. 

42. Shen X, Chalkias S, Feng J, Chen X, Zhou H, Marshall JC, et al. Neutralization of 
SARS-CoV-2 Omicron BA.2.75 after mRNA-1273 Vaccination. N Engl J Med 
2022,387:1234-1236. 

 

 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted November 7, 2022. ; https://doi.org/10.1101/2022.11.03.22281912doi: medRxiv preprint 

https://doi.org/10.1101/2022.11.03.22281912
http://creativecommons.org/licenses/by-nc-nd/4.0/


0

1

2

3

4

5

A
nt

i-R
B

D
 Ig

G
 (l

og
10

 B
A

U
/m

L)
 0.03 0.5 0.5 0.4 0.4 0.150.08

n=62 116 63 116 49 100 25 34 66 65 63

post-2nd 
dose

post-3rd 
dose

1 mo 1 mo 3 mo 6 mo

post-2nd 
dose

post-3rd 
dose

1 mo 1 mo 3 mo 6 mo

WT Omicron (BA.1) 

PL
W

H
C

TR
L

H
YB

R
ID

H
YB

R
ID

H
YB

R
ID

H
YB

R
ID

<0.0001 <0.0001<0.0001 <0.0001

0.9

0.16

<0.0001 <0.0001

0.07

PL
W

H
C

TR
L

PL
W

H
C

TR
L

PL
W

H
C

TR
L

PL
W

H
C

TR
L

PL
W

H
C

TR
L

PL
W

H
C

TR
L

PL
W

H
C

TR
L

116 63 116 49 100 25 34 66 65

<0.0001 <0.0001a

b

0

1

2

3

4

5

A
nt

i-R
B

D
 Ig

G
 (l

og
10

 B
A

U
/m

L)

1 3 6 1 3 6 1 3 6 1 3 6 1 3 6 1 3 6

<0.0001 <0.0001

<0.0001

0.1 <0.0001

0.001

<0.0001 <0.0001

<0.0001

0.0004 0.4 <0.0001

0.0004

<0.0001 <0.0001

40 PLWH; 72 CTRL

<0.0001

0.002 0.03

9 PLWH; 16 CTRL 15 PLWH; 29 CTRL 40 PLWH; 72 CTRL 9 PLWH; 16 CTRL 15 PLWH; 29 CTRL

months post-3rd dose

WT Omicron (BA.1) 

COVID-19 
NAIVE

HYBRID 
(inf btw 1-3 mo)

HYBRID 
(inf btw 3-6 mo)

COVID-19 
NAIVE

HYBRID 
(inf btw 1-3 mo)

HYBRID 
(inf btw 3-6 mo)

0.2 0.30.9 0.9 0.60.9

Figure 1 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted November 7, 2022. ; https://doi.org/10.1101/2022.11.03.22281912doi: medRxiv preprint 

https://doi.org/10.1101/2022.11.03.22281912
http://creativecommons.org/licenses/by-nc-nd/4.0/


0

20

40

60

80

100

A
C

E2
 %

 d
is

pl
ac

em
en

t

0.8 0.002 0.8 0.3 0.4 0.80.5

n=63 116 63 116 49 100 25 34 66 65 63

post-2nd 
dose

post-3rd 
dose

1 mo 1 mo 3 mo 6 mo

post-2nd 
dose

post-3rd 
dose

1 mo 1 mo 3 mo 6 mo

WT Omicron (BA.1) 

PL
W

H
C

TR
L

H
YB

R
ID

H
YB

R
ID

H
YB

R
ID

H
YB

R
ID

<0.0001 <0.0001<0.0001 <0.0001

0.3

0.04

0.08

0.02

0.004

PL
W

H
C

TR
L

PL
W

H
C

TR
L

PL
W

H
C

TR
L

PL
W

H
C

TR
L

PL
W

H
C

TR
L

PL
W

H
C

TR
L

PL
W

H
C

TR
L

116 63 116 49 100 25 34 66 65

<0.0001 <0.0001a

b

0

20

40

60

80

100

A
C

E2
 %

 d
is

pl
ac

em
en

t

months post-3rd dose
1

WT Omicron (BA.1) 

3 6 1 3 6 1 3 6 1 3 6 1 3 6 1 3 6

COVID-19 
NAIVE

HYBRID 
(inf btw 1-3 mo)

HYBRID 
(inf btw 3-6 mo)

<0.0001<0.0001

<0.0001

0.9 <0.0001 <0.0001<0.0001

<0.0001

0.9 0.0002<0.0001 <0.00010.0001

9 PLWH; 16 CTRL 15 PLWH; 29 CTRL 40 PLWH; 72 CTRL 9 PLWH; 16 CTRL 15 PLWH; 29 CTRL

<0.0001 <0.0001

<0.0001

<0.0001

COVID-19 
NAIVE

HYBRID 
(inf btw 1-3 mo)

HYBRID 
(inf btw 3-6 mo)

0.7 0.90.2 0.6 0.20.8

40 PLWH; 72 CTRL

<0.0001

Figure 2 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted November 7, 2022. ; https://doi.org/10.1101/2022.11.03.22281912doi: medRxiv preprint 

https://doi.org/10.1101/2022.11.03.22281912
http://creativecommons.org/licenses/by-nc-nd/4.0/


8

16

32

64

128

256

512

1024

2048

4096

vi
ra

l n
eu

tr
al

iz
at

io
n:

 re
ci

pr
oc

al
 d

ilu
tio

n 0.04 0.004 0.02 0.006 0.0005 0.20.7

n=62 115 63 116 48 99 25 34 66 64 40

post-2nd 
dose

post-3rd 
dose

1 mo 1 mo 3 mo 6 mo

post-2nd 
dose

post-3rd 
dose

1 mo 1 mo 3 mo 6 mo

WT Omicron (BA.1) 

PL
W

H
C

TR
L

H
YB

R
ID

H
YB

R
ID

H
YB

R
ID

H
YB

R
ID

<0.0001 <0.0001<0.0001 <0.0001

0.2

0.01

<0.0001

0.01

0.0002

PL
W

H
C

TR
L

PL
W

H
C

TR
L

PL
W

H
C

TR
L

PL
W

H
C

TR
L

PL
W

H
C

TR
L

PL
W

H
C

TR
L

PL
W

H
C

TR
L

58 56 95 46 77 23 34 51 60

<0.0001 <0.0001

ULOQ

LLOQ

a

b

8

16

32

64

128

256

512

1024

2048

4096

vi
ra

l n
eu

tra
liz

at
io

n:
 re

ci
pr

oc
al

 d
ilu

tio
n

months post-3rd dose
1

WT Omicron (BA.1) 

3 6 1 3 6 1 3 6 1 3 6 1 3 6 1 3 6

COVID-19 
NAIVE

HYBRID 
(inf btw 1-3 mo)

HYBRID 
(inf btw 3-6 mo)

<0.0001<0.0001

<0.0001

0.05 <0.0001 <0.0001<0.0001

<0.0001

0.006 <0.0001<0.0001 <0.0001

40 PLWH; 71 CTRL

0.0009

9 PLWH; 16 CTRL 15 PLWH; 29 CTRL 36 PLWH; 53 CTRL 7 PLWH; 16 CTRL 13 PLWH; 25 CTRL

0.01 <0.0001

<0.0001

<0.0001

COVID-19 
NAIVE

HYBRID 
(inf btw 1-3 mo)

HYBRID 
(inf btw 3-6 mo)

<0.0001

0.2 0.20.3 0.4 0.20.5

ULOQ

LLOQ

Figure 3
 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 

 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)
The copyright holder for this preprint this version posted November 7, 2022. ; https://doi.org/10.1101/2022.11.03.22281912doi: medRxiv preprint 

https://doi.org/10.1101/2022.11.03.22281912
http://creativecommons.org/licenses/by-nc-nd/4.0/


 WT

Omicron-BA.1

Omicron-BA.5 WT

Omicron-BA.1

Omicron-BA.5

8
16
32
64

128
256
512

1024
2048
4096

vi
ra

l n
eu

tra
liz

at
io

n:
 re

ci
pr

oc
al

 d
ilu

tio
n <0.0001

ULOQ

LLOQ

0.0005

<0.0001

<0.0001 0.007

<0.0001

VACCINE ONLY
(response one month post-3rd dose)

HYBRID
(response post-infection)

PLWH (n=18)

Controls (n=28)

Paired pre- and 
post-hybrid 

responses in 

8

16

32

64

128

256

512

1024

2048

4096

vi
ra

l n
eu

tra
liz

at
io

n:
 re

ci
pr

oc
al

 d
ilu

tio
n

LLOQ

ULOQ

<0.0001

WT

VAX 
ONLY

HYBRID 

Omicron-BA.1 Omicron-BA.5

<0.0001 <0.0001

0.7 0.4 0.5

VAX 
ONLY

HYBRID VAX 
ONLY

HYBRID 

PLWH (n=18)

Controls (n=28)

Paired pre- and 
post-hybrid 

responses in 

a

b

Figure 4

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted November 7, 2022. ; https://doi.org/10.1101/2022.11.03.22281912doi: medRxiv preprint 

https://doi.org/10.1101/2022.11.03.22281912
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

Table 1: Participant characteristics 
 

Characteristica PLWH  
(n=64) 

Controls  
(n=117) 

HIV-related variables   
          Receiving antiretroviral therapy, n (%) 64 (100%) - 
          Recent plasma viral load, copies HIV RNA/mL, median [IQR] <50 [<50 - <50] - 
          Recent CD4+ T-cell count in cells/mm3, median [IQR]  645 [473-958] - 
          Nadir CD4+ T-cell count in cells/mm3, median [IQR]  225 [95-485] - 
Sociodemographic and health variables  
         Age in years, median [IQR] 57 [42-65] 47 [35-72] 
         Female sex at birth, n (%) 6 (9.4%) 85 (73%) 
         white Ethnicity, n (%) 46 (72%) 64 (55%) 
         Number of chronic conditions, median [IQR]b 1 [1-3] 0 [0-1] 
Vaccine details 
          Initial regimen  
                   mRNA only 67 (81.2%) 114 (97.4%) 
                   ChAdOx1 only 6 (9.4%) 1 (0.9%) 
                   ChAdOx1/mRNA 6 (9.4%) 2 (1.7%) 
          Third dose  
                    BNT162b2  20 (31.2%) 45 (38.5%) 
                    mRNA-1273  44 (68.8%) 72 (61.5%) 
          Days between second and third doses, median [IQR]  191 [182-240] 198 [171-218] 
Specimen collection 
          1 month after third dose, n (%) 63 (98%) 116 (99%) 
          3 months after third dose, n (%) 58 (91%) 116 (99%) 
          6 months after third dose, n (%)  55 (86%) 110 (94%) 
Post-3rd dose SARS-CoV-2 infections, n (%) 24 (37.5%) 45 (38.5%) 

aSociodemographic, health and vaccine data were collected by self-report and confirmed through medical records where available.  
bChronic conditions were defined as hypertension, diabetes, asthma, obesity, chronic diseases of lung, liver, kidney, heart or blood, cancer, and 
immunosuppression due to chronic conditions or medication. 
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