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Background. Bivalent messenger RNA (mRNA) vaccines, designed to combat emerging severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) variants, incorporate ancestral strains and a new variant. Our study assessed the immune response 

in previously vaccinated individuals of the Swiss HIV Cohort Study (SHCS) and the Swiss Transplant Cohort Study (STCS) 

following bivalent mRNA vaccination.

Methods. Eligible SHCS and STCS participants received approved bivalent mRNA SARS-CoV-2 vaccines (mRNA-1273.214 or 

BA.1-adapted BNT162b2) within clinical routine. Blood samples were collected at baseline, 4 weeks, 8 weeks, and 6 months 

postvaccination. We analyzed the proportion of participants with anti-spike protein antibody response ≥1642 units/mL 

(indicating protection against SARS-CoV-2 infection), and in a subsample T-cell response (including mean concentrations), 

stratifying results by cohorts and population characteristics.

Results. In SHCS participants, baseline anti-spike antibody concentrations ≥1642 units/mL were observed in 87% (96/112), 

reaching nearly 100% at follow-ups. Among STCS participants, 58% (35/60) had baseline antibodies ≥1642 units/mL, increasing 

to 80% at 6 months. Except for lung transplant recipients, all participants showed a 5-fold increase in geometric mean antibody 

concentrations at 4 weeks and a reduction by half at 6 months. At baseline, T-cell responses were positive in 96% (26/27) of 

SHCS participants and 36% (16/45) of STCS participants (moderate increase to 53% at 6 months). Few participants reported 

SARS-CoV-2 infections, side-effects, or serious adverse events.

Conclusions. Bivalent mRNA vaccination elicited a robust humoral response in individuals with human immunodeficiency 

virus (HIV) or solid organ transplants, with delayed responses in lung transplant recipients. Despite a waning effect, antibody 

levels remained high at 6 months and adverse events were rare.

Clinical Trials Registration. NCT04805125.
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Coronavirus disease 2019 (COVID-19) vaccines have substan-

tially altered the course of the severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) pandemic by preventing 

an estimated 20 million deaths within the first year of vaccina-

tion programs [1]. According to the World Health 

Organization (WHO), over 13 billion vaccine doses have 

been administered worldwide [2]. In the European Union 

and the United States of America the by far most commonly 

used COVID-19 vaccines are the messenger RNA (mRNA) 

vaccines BNT162b2 (Comirnaty) produced by Pfizer- 

BioNTech (approximately 1 billion doses) and mRNA-1273 

(Spikevax) produced by Moderna (approximately 400 million 

doses) [3, 4]. Both vaccines were tested in large randomized 

clinical trials among the general population where they have 

proven to be safe and effective in terms of preventing 

COVID-19 infections [5, 6].
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Evidence on the immune response to SARS-CoV-2 vaccines 

among people with compromised immune function is of cru-

cial importance for these frail patient populations, which 

were underrepresented or excluded from the vaccines licensing 

trials [5, 6]. For these reasons, we have established the Corona 

Vaccine Trial Platform (COVERALL) [7, 8], nested into the 

Swiss HIV Cohort Study (SHCS) [9] and the Swiss 

Transplant Cohort Study (STCS) [10], to investigate immune 

response and vaccine safety in immunocompromised hosts. 

COVERALL-1, a randomized trial, found comparable antibody 

responses after basic immunization with mRNA-1273 by 

Moderna and BNT162b2 by Pfizer-BioNTech, with solid organ 

transplant (SOT) recipients exhibiting lower responses than 

people with HIV (PWH) [11]. COVERALL-2, an observational 

extension study, revealed similar outcomes for booster vaccines 

(mRNA-1273 vs BNT162b2), showing a substantial increase in 

antibody response among SOT recipients compared to basic 

immunization [12, 13]. Moreover, lower CD4 cell counts and 

ongoing HIV-1 replication in PWH were associated with di-

minished immune responses [14].

With the rapid decrease in COVID-19 vaccine effectiveness 

against emerging variants [15–21], bivalent vaccines incorpo-

rating Omicron BA.1 spike mRNA alongside the original 

wildtype mRNA (mRNA-1273.214 from Moderna and 

BA.1-adapted BNT162b2 from Pfizer-BioNTech) were ap-

proved by Swiss authorities in August and October 2022 [22, 

23]. In response, the Swiss Federal Office of Public Health rec-

ommended these bivalent vaccines for the adult population, 

prioritizing high-risk individuals and health professionals 

[24]. Consequently, we conducted COVERALL-3 to evaluate 

the safety and immune response, including T-cell response, 

of these bivalent SARS-CoV-2 vaccines over 6 months in pre-

viously vaccinated individuals from the SHCS and the STCS, 

who exhibited varying levels of immunosuppression.

METHODS

Study Design

COVERALL-3 was a prospective, longitudinal, multicentric 

observational study. The study was approved by the ethics com-

mittee Nordwest- and Zentralschweiz, Switzerland (BASEC 

No. 2022-01760). The COVERALL platform was registered 

(https://clinicaltrials.gov/ct2/show/NCT04805125; registration 

18 March 2021) and the full protocols for all COVERALL stud-

ies are available in the trial registry. Study data were collected 

using the REDCap electronic data capture database, which 

was set up for the COVERALL platform [8], including risk- 

based centralized data monitoring throughout the study.

Participants

During routine cohort study visits, study participants were re-

cruited by treating physicians at the University Hospitals Basel, 

Zurich, Bern, and Lausanne. Targeting individuals with varying 

levels of immunosuppression, we aimed to enroll participants 

of the following groups: (1) PWH with CD4 cell counts 

<350 cells/µL; (2) PWH with CD4 cell counts ≥350 cells/µL; 

(3) lung transplant recipients; and (4) kidney transplant 

recipients. SHCS and STCS participants were eligible for 

COVERALL-3 if they received the bivalent vaccines 

(mRNA-1273.214 or BA.1-adapted BNT162b2) according to 

local clinical guidelines as part of routine care, that is, with a 

minimum of 2 previous shots of either mRNA-1273 or 

BNT162b2. Of note, previous participation in COVERALL-1 

and COVERALL-2 was not required (detailed eligibility criteria 

are in Supplementary Material 1).

Data and Blood Sample Collection

Data collection commenced in October 2022 with the clinical 

routine rollout of both vaccines. Whole-blood samples (3 mL 

ethylenediamine tetraacetic acid [EDTA]) were obtained at 

baseline (up to 2 weeks before bivalent vaccination) and follow- 

up visits at 4 weeks (±1 week), 8 weeks (±2 weeks), and 6 

months (±4 weeks). A subsample of participants provided an 

additional 8 mL heparinized blood at baseline, 4 weeks, and 6 

months for anti-spike T-cell response measurement. Samples 

for the T-cell substudy were collected at the University 

Hospitals Basel and Zurich and were sent via courier within 

6 hours at room temperature to the main laboratory in 

Zurich (Institute of Medical Virology). At baseline, study staff 

collected history of SARS-CoV-2 vaccination, seasonal flu vac-

cination, and treatment with SARS-CoV-2–specific monoclo-

nal antibodies. Furthermore, anti-SARS-CoV-2 nucleocapsid 

(N) antibodies were assessed and all sociodemographic and 

clinical data (age, sex, history of cardiovascular or metabolic 

disease, CD4 T-cell counts, HIV viral load, and immunosup-

pressive therapy) were directly retrieved from the cohort data-

bases. Clinical outcomes and serious adverse events were 

assessed at follow-up visits, with data on vaccine-specific side 

effects collected 4 weeks postvaccination.

Laboratory Measurements

Pan-immunoglobulin (Ig) antibody response against the 

SARS-CoV-2 spike (S1) protein receptor binding domain was 

measured using the Elecsys Anti-SARS-CoV-2 S assay (Roche 

Diagnostics) at 2 different laboratories. The main laboratory 

in Zurich used 1:50 dilutions by default and further dilutions 

for samples with values above the measuring range until exact 

values were obtained. The second laboratory site at the 

University Hospital Basel conducted default repeat measure-

ments of ≤1:10 diluted samples. Pan-Ig antibody response 

against the SARS-CoV-2 N antigen was assessed with the 

Elecsys Anti-SARS-CoV-2 assay. Spike protein-specific T-cell 

response was determined by the Quan-T-Cell SARS-CoV-2 

interferon-γ (IFN-γ) release assay from EUROIMMUN 
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(Medizinische Labordiagnostica) [25]. The kit included stimu-

lation tubes for no T-cell stimulation (blank), specific T-cell 

stimulation (S1-based antigens; tube), and unspecific T-cell 

stimulation (stim). Data were analyzed based on manufacturer- 

defined criteria for negative (blank) and positive (stim) con-

trols, with samples having nonvalid controls labelled as 

“nonevaluable”.

Outcomes

We defined several immunological outcomes: the proportion of 

participants with an anti-spike protein (pan-Ig) antibody re-

sponse of (1) ≥ 1642 units/mL, (2) ≥ 100 units/mL, and (3) ≥  

0.8 units/mL, at 4 weeks, 8 weeks, and 6 months. 

Additionally, we assessed geometric mean concentrations of 

the anti-spike protein (pan-Ig) antibody response at these 

time points. Geometric mean concentrations were calculated 

as the anti-logs of the means and address anticipated right- 

skewness of the data. A value of ≥0.8 units/mL was considered 

a positive response according to the manufacturer’s instruc-

tions. The cutoff of 100 units/mL was chosen to allow a com-

parison with previous COVERALL studies [11, 12], and the 

cutoff of 1642 units/mL was used as a surrogate marker to pre-

dict protection against SARS-CoV-2 infection with Omicron 

strains based on Chen et al [26]. Of note, 1689 binding antibody 

units (BAU)/mL as described as a protective concentration by 

Chen et al are equal to 1642 units/mL using the WHO stand-

ardization formula (1 unit/mL = 0.972 × BAU/mL) based on 

the Elecsys Anti-SARS-CoV-2 S assay [26].

For the T-cell subsample, we determined spike 

protein-specific T-cell responses using IFN-γ concentrations 

according to the manufacturer’s instructions (positive, 

>200 mIU/mL; borderline, 100–200 mIU/mL; negative, 

<100 mIU/mL) [25]. Additionally, we quantitatively assessed 

the response on an IFN-γ concentration scale.

Clinical outcomes were the proportion of patients who 

reported a polymerase chain reaction (PCR) or antigen 

test-confirmed (1) asymptomatic and (2) symptomatic 

SARS-CoV-2 infection, as well as (3) severe COVID-19 requir-

ing hospitalization or resulting in death.

Safety outcomes encompassed (1) any local symptom (such 

as redness or swelling, or prolonged pain at injection site) im-

peding normal daily activities; (2) any systemic symptom 

(eg, fever, generalized muscle or joint pain) impeding normal 

daily activities; and (3) any vaccine-related symptom prompt-

ing contact with a physician within the initial 7 days 

postvaccination.

Data Analysis

All conducted analyses were of exploratory nature, without a 

priori power calculation. In the primary analysis set, all patients 

were included regardless of the time window. As a sensitivity 

analysis, we only included patients with results available within 

the prespecified time window (“strict time window”; i.e., base-

line sample maximum up to 2 weeks before vaccination, 4 

weeks after vaccination ±1 week, 8 weeks ±2 weeks, and 6 

months ±4 weeks).

Descriptive statistics were used to present immunological 

and safety outcomes (ie, frequencies, percentages, and 95% 

confidence intervals [CI]).

For the geometric mean concentration of antibody re-

sponse, we excluded samples analyzed at the University 

Hospital of Basel due to absence of reruns for antibody con-

centrations >2500 units/mL. Results are presented stratified 

by cohort study (SHCS vs STCS), population of interest 

(SHCS participants with CD4 below vs above 350 cells/µL; 

STCS participants receiving a kidney vs lung transplant), 

and prior immune response status (participants with any ev-

idence of immunization [positive nucleocapsid antibodies or 

SARS-CoV-2 vaccination in the past 6 months] vs partici-

pants with no evidence of prior immunization) and not by 

vaccine type, given significant baseline characteristics differ-

ences. All data processing, graphing, and statistical analyses 

were performed using R Project for Statistical Computing 

(version 4.1.3) [27].

RESULTS

Baseline Characteristics of Participants

Between October 2022 and January 2023, 174 participants 

were enrolled (112 SHCS; 62 STCS) with 58% (101/174) re-

ceiving mRNA-1273.214 and 42% (73/174) receiving 

BA.1-adapted BNT162b2 vaccines (Table 1). The majority 

of participants were male (78.7% overall, 64.5% in STCS, 

and 86.6% in SHCS; Table 1). The overall median age was 

56 years (interquartile range [IQR], 45–64 years), with 59 

years (IQR, 47–65 years) in the STCS and 55 years (IQR, 

44–63 years) in the SHCS (Table 1). Among SHCS partici-

pants, 82% (92/112) had CD4 cell counts of 350 cells/µL or 

above, with the majority (93.8%, 105/112) having a sup-

pressed viral load (ie, <50 copies/mL). One-third of the 

STCS participants were kidney transplant recipients (35%, 

22/62), while two-thirds received a lung transplant (65%, 

40/62). Considering all participants, at baseline 59% (102/ 

174) had a reactive antibody test to the nucleocapsid protein 

suggesting a previous SARS-CoV-2 infection (44% [27/62] 

among STCS and 67% [75/112] among SHCS participants). 

Most participants had received 3 (87%, 151/174) or 4 (10%, 

17/174) doses of the respective monovalent vaccines before 

receiving the bivalent vaccine dose and only 4% (7/174) 

have received a SARS-CoV-2 vaccine in the 6 months prior 

receiving the bivalent vaccine. None of the SHCS partici-

pants had received SARS-CoV-2–specific monoclonal anti-

bodies within the 6 months prior to vaccination. From the 

STCS, 3 kidney transplant (14%, 3/22) and 1 lung transplant 
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recipients (3%, 1/40) had received SARS-CoV-2–specific 

monoclonal antibodies (all sotrovimab). Most STCS partic-

ipants were receiving intensive immunosuppressive therapy, 

defined as more than 2 regimens (87%, 54/62), whereas only 

13% (8/62) were taking a less-intense regimen (Table 1).

Baseline stratification by vaccine type revealed notable dif-

ferences (Supplementary Table 1). Specifically, 65% (40/62) of 

STCS participants received the mRNA-1273.214 vaccine, while 

only 54% (61/112) of SHCS participants did so. Of the 40 STCS 

participants receiving mRNA-1273.214 vaccine, 73% (29/40) 

were lung transplant recipients compared to 50% (11/22) in 

the BA.1-adapted BNT162b2 group. Further baseline charac-

teristics of participants stratified by vaccine type and cohort 

study are presented in Supplementary Table 2.

Antibody Status and Response

At baseline, 87% (96/112) of SHCS participants had anti-spike 

antibody concentrations ≥1642 units/mL, increasing to 97% 

(95% CI, 94%–100%; 103/106) at 4 weeks, 98% (95% CI, 95%– 

100%; 99/101) at 8 weeks, and 96% (95% CI, 92%–100%; 96/ 

100) at 6 months (Table 2). Among STCS participants, 58% 

(35/60) had anti-spike antibody concentrations ≥1642 units/ 

mL at baseline, reaching 75% (95% CI, 64%–87%; 43/57) at 4 

weeks, 74% (95% CI, 63%–85%; 43/58) at 8 weeks, and 80% 

(95% CI, 70%–91%; 45/56) at 6 months (Table 2).

All groups except for lung transplant recipients exhibited a 

5-fold increase in geometric mean antibody concentrations at 

4 weeks (ie, SHCS participants with CD4 < 350 cells/µL, base-

line 4398 [IQR, 1406–13 764]; 4 weeks 32 342 [IQR, 12 638– 

82 766]; SHCS participants with CD4 ≥ 350 cells/µL, baseline 

8992 [IQR, 6899–11 721]; 4 weeks 53 461 [IQR, 44 474–62  

264]; kidney transplant recipients, baseline 5102 [IQR, 1819– 

14 310], 4 weeks 23 956 [IQR, 8098–70 872]; lung transplant re-

cipients, baseline 1226 [95% CI, 491–3061], 4 weeks 3108 [95% 

CI, 1137–8499]; Table 2 and Figure 1). At 6 months, geometric 

mean antibody concentrations decreased to 12 426 (IQR, 5846– 

26 412) for SHCS participants with CD4 < 350 cells/µL, to 18  

088 (IQR, 14 577–22 446) in SHCS participants with CD4 ≥  

350 cells/µL, to 12 899 (IQR, 4535–36 695) in kidney transplant 

recipients and increased to 5722 (IQR, 3142–10 421) for lung 

transplant recipients (Table 2 and Figure 1). For other cutoffs 

(≥100 units/mL and ≥0.8 units/mL), nearly all participants 

had reached these levels already at baseline (Table 2). The sen-

sitivity analysis using the strict time window yielded similar 

findings (Supplementary Table 3).

The response dynamic in terms of anti-spike antibody con-

centration ≥1642 units/mL was similar among SHCS partici-

pants receiving the mRNA-1273.214 (87% at baseline; 96% at 

4 weeks, 8 weeks, and 6 months) and those receiving the 

BA.1-adapted BNT162b2 (86% at baseline; 98% [95% CI, 

94%–100%] at 4 weeks; 100% at 8 weeks; and 96% [95% CI, 

90–100] at 6 months; Supplementary Table 4). A higher 

proportion of STCS participants vaccinated with 

BA.1-adapted BNT162b2 had antibody concentrations of 

≥1642 units/mL already at baseline (75%) compared to those 

vaccinated with mRNA-1273.214 (53%) (Supplementary 

Table 5). Subsequently, across both vaccine groups, 15% 

more participants had an anti-spike antibody response of 

≥1642 units/mL at 4 weeks (BA.1-adapted BNT162b2, 89% 

[95% CI, 76%–100%]; mRNA-1273.214, 68% [95% CI, 54%– 

83%]) and remained similarly high at 6 months 

(BA.1-adapted BNT162b2, 95% [95% CI, 85%–100%]; 

mRNA-1273.214, 72% [95% CI, 58%–87%]; Supplementary 

Table 5). Further stratification showed that baseline antibodies 

were higher amongst individuals with evidence of prior immu-

nization, but subsequent response dynamic was similar across 

both groups (Supplementary Table 6). Details about the 17 cas-

es who did not mount a sufficient humoral immune response at 

8 weeks are provided in Supplementary Table 7.

T-Cell Status and Response

From 81 of the 174 participants, T-cell response was assessed 

after vaccination with mRNA-1273.214 (n = 54) or 

BA.1-adapted BNT162b2 (n = 27; see baseline characteristics 

in Supplementary Table 8). Among SHCS participants, all 

had evaluable results, with 96% (26/27) having a positive status 

and 1 (4%, 1/27) having a borderline status at baseline. The geo-

metric mean concentration increased for both SHCS groups at 

4 weeks (ie, CD4 < 350, baseline 1193 [IQR, 448–3179]; 4 weeks 

1500 [IQR, 664–3386]; CD4 ≥ 350, baseline 2202 [IQR, 1234– 

3931]; 4 weeks 4189 [IQR, 2671–6571]) and decreased at 6 

months (CD4 < 350, 507 [IQR, 218–1180]; CD4 ≥ 350, 1939 

[IQR, 1123–3347]; Table 3 and Figure 2).

Among STCS participants, 36% (16/45) had a positive status 

at baseline and 40% (18/45) were not evaluable due to a nonval-

id control (primarily in lung transplant recipients; 50% [17/34] 

not evaluable; Table 3). The proportion with a positive reaction 

remained relatively low at 4 weeks (40%, 17/43) and at 6 

months (53%, 20/38) after vaccination. On a quantitative scale, 

geometric mean concentrations were low at baseline (kidney 

recipients, 247 [IQR, 86–710]; lung recipients, 45 [IQR, 3– 

674]). After vaccination, they remained low at 4 weeks (kidney 

recipients, 221 [IQR, 74–659]; lung recipients, 28 [IQR, 1–642]) 

and 6 months (kidney recipients, 368 [IQR, 118–1152]; lung re-

cipients, 185 [IQR, 36–962]; Table 3 and Figure 2). The propor-

tion of not evaluable samples among SOT recipients was 35% at 

4 weeks and 24% at 6 months. The analyses using the strict time 

window and stratified by evidence of previous immunization 

are presented in Supplementary Tables 9 and 10, showing sim-

ilar response results.

Clinical Outcomes

Until 6 months of follow-up, 8 symptomatic antigen- or 

PCR-confirmed SARS-CoV-2 infections occurred (Table 4). 
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Among the 8 infected participants, 1 was from the SHCS and 7 

from the STCS (1 kidney transplant recipient, 6 lung transplant 

recipients), 7 had anti-spike antibody concentrations 

≥1642 units/mL, and 3 a reactive T-cell test at the study visit 

before acquiring a SARS-CoV-2 infection. Details about the 8 

clinical cases are provided in Supplementary Table 11. No se-

vere COVID-19 cases (requiring hospitalization or leading to 

death) occurred. Four serious adverse events were reported, in-

cluding 1 death in an SHCS participants due to cancer, and 3 

STCS participants hospitalized for infectious diseases, all not 

related to COVID-19. The local investigator judged that all 4 

serious adverse events were not related to the vaccination. 

Systemic and local symptoms limiting daily activities occurred 

infrequently (7%–8% with mRNA-1273.214 and 4%–8% with 

BA.1-adapted BNT162b2; Table 4).

DISCUSSION

This study examined the antibody and T-cell response to biva-

lent SARS-CoV-2 vaccines (Moderna’s mRNA-1273.214 or 

Pfizer-BioNTech’s BA.1-adapted BNT162b2) in PWH and 

SOT recipients who had received at least 2 prior 

SARS-CoV-2 vaccine doses. Both bivalent vaccines increased 

the proportion of individuals achieving a humoral immune re-

sponse of ≥1642 units/mL, suggesting protection from 

COVID-19, and at 6 months a waning effect was observed. 

However, lung transplant recipients showed a delayed and low-

er humoral response throughout. T-cell–mediated immune re-

sponse among SHCS participants remained consistently high, 

while STCS participants showed low baseline activity, and 

only a minor increase at 6 months. Seven out of 8 breakthrough 

infections were observed among SOT recipients (5 lung and 2 

kidney recipients); however, not a single case of severe 

COVID-19 disease, requiring hospitalization or leading to 

death, was observed. During the study period SARS-CoV-2 in-

fections, side-effects, and serious events were rare. In immuno-

competent individuals, the bivalent mRNA vaccines have 

demonstrated high immunogenicity against Omicron and 

Omicron sublineages [28], including effectiveness on clinical 

outcomes [20, 29]. However, limited data exist among immu-

nocompromised individuals receiving these bivalent vaccines.

Similar to our findings, an observational cohort study on 48 

PWH revealed a significant humoral response increase after bi-

valent mRNA vaccination, irrespective of CD4 cell count, while 

T-cell–mediated response remained unchanged [30]. This 

aligns with previous research indicating a robust T-cell re-

sponse in PWH after 2 doses of SARS-CoV-2 vaccines, which 

remained stable after the third dose [31]. Earlier studies in 

the same setting (ie, COVERALL 1 and 2), also demonstrated 

solid immune response in PWH after basic immunization 

[11] and after a third vaccine dose [13].

Figure 1. Antibody concentrations before and after vaccination with bivalent mRNA SARS-CoV-2 vaccines in PWH (stratified by CD4 cell counts below and above 350 cells/ 

µL) and solid organ transplant recipient (stratified by kidney and lung recipients), measured with the Elecsys Anti-SARS-CoV-2 S assay. Red dots indicate mean values; box-

plots indicate median and interquartile range, whiskers indicate minimum and maximum (excluding outliers). The University Hospital Basel center did not perform reruns with 

further dilutions if the antibody concentrations were >2500 units/mL. Hence, in order not to distort the results, all samples from the University Hospital of Basel were ex-

cluded. Abbreviations: mRNA, messenger RNA; PWH, people with human immunodeficiency virus; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
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SOT recipients are a critical population in terms of 

vaccine-induced immune response [32]. Unlike in PWH, 9% 

of kidney transplant recipients and 50% of lung transplant re-

cipients had a nonevaluable T-cell response and among the 

evaluable ones, only a minor increase in T-cell response was ob-

served, most likely due to the concurrent intense immunosup-

pressive therapy as shown in previous mRNA vaccine studies 

[33–35]. A study among kidney transplant recipients conclud-

ed that a better antibody response after receiving the bivalent 

vaccine was associated with a lower drug-related immunosup-

pression [36].

A recent study explored cell-mediated responses against the 

BA.4/BA.5 spike receptor-binding domain at baseline and 2  

weeks after the mRNA-based bivalent vaccination among 30 

kidney or liver transplant recipients and compared the immune 

responses against a healthy control group [37]. In contrast 

to our results, kidney transplant recipients had a significant 

increase in T-cell activity already at 2 weeks. A recent 

Figure 2. T-cell geometric mean concentration before and after vaccination with bivalent mRNA SARS-CoV-2 vaccines in PWH (stratified by CD4 cell counts below and 

above 350 cells/µL) and solid organ transplant recipients (stratified by kidney and lung recipients), measured with the interferon-γ release assay. Red dots indicate mean 

values, boxplots indicate median and interquartile range; whiskers indicate minimum and maximum (excluding outliers). Participants with a nonevaluable T-cell response 

were excluded. Abbreviations: mRNA, messenger RNA; PWH, people with human immunodeficiency virus; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Table 4. Clinical Outcomes After Vaccination With Bivalent mRNA SARS-CoV-2 Vaccines in Participants With Different Levels of Immunosuppression

mRNA-1273.214, Moderna BA.1-Adapted BNT162b2, Pfizer-BioNTech
Total

Clinical outcomes and adverse events SHCS (n = 61) STCS (n = 40) All (n = 101) SHCS (n = 51) STCS (n = 22) All (n = 73) (n = 174)

SARS-CoV-2 infection 4 weeksa 0 (0/55) 3 (1/40) 1 (1/91) 0 (0/41) 5 (1/21) 2 (1/60) 1 (2/151)

SARS-CoV-2 infection 4–8 weeks 0 (0/54) 0 (0/40) 0 (0/95) 0 (0/47) 0 (0/19) 0 (0/66) 0 (0/161)

SARS-CoV-2 infection 8 week–6 monhtsb 0 (0/54) 13 (5/40) 5 (5/95) 2 (1/47) 0 (0/19) 1 (1/66) 4 (6/161)

Severe COVID-19 disease, requiring hospitalization 

or leading to death

0 (0/61) 0 (0/40) 0 (0/101) 0 (0/51) 0 (0/22) 0 (0/73) 0 (0/174)

Serious adverse events 0 (0/61) 8 (3/40) 3 (3/101) 0 (0/51) 5 (1/22) 1 (1/73) 2 (4/174)

Any local symptoms limiting continuation of normal 

daily activities during the first 7 days

12 (7/60) 0 (0/40) 7 (7/100) 5 (5/50) 5 (1/22) 8 (6/72) 8 (13/172)

Any systemic symptoms limiting continuation of 

normal daily activities during the first 7 days

12 (7/60) 3 (1/40) 8 (8/100) 6 (3/50) 0 (0/22) 4 (3/72) 6 (11/172)

Any vaccine related symptom leading to contacting 

a physician during the first 7 days

0 (0/60) 0 (0/40) 0 (0/100) 0 (0/50) 0 (0/22) 0 (0/72) 0 (0/172)

Data are % (No. with outcome/No. with assessed outcome).  

Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SHCS, Swiss HIV Cohort Study; STCS, Swiss Transplant Cohort Study.  

aBoth symptomatic with the following symptoms: cough, shortness of breath, muscle aches, sore throat.  

bAll symptomatic with the following symptoms: fever or chills, cough, shortness of breath, fatigue, muscle or body aches, headache, sore throat, congestion or runny nose, nausea, or vomiting.
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meta-analysis summarized the humoral immune response rates 

among SOT recipients, showing increased immunogenicity 

with booster vaccinations and weakest response among 

lung transplant recipients, in line with our findings [37]. 

Ninety-five percent of the lung transplant recipients in our 

study were taking a 3- or 4-drug intense immunosuppressive 

therapy versus 73% of the kidney transplant recipient partici-

pants. None of the included studies in the meta-analysis evalu-

ated any bivalent vaccine. We are not aware of further evidence 

about immune response elicited by the mRNA-based bivalent 

vaccines in SOT or PWH. However, several studies have as-

sessed the immunogenicity of the bivalent mRNA vaccines 

among immunocompetent but frail populations, such as nurs-

ing home residents, all showing a markedly increased humoral 

and cellular response postvaccination [38–40].

Previous studies observed significant differences in 

vaccine-induced immune response between different nonbiva-

lent mRNA SARS-CoV-2 vaccines [32, 41]. Our study, while 

not designed for statistical power in comparing immune re-

sponses between the 2 bivalent vaccines, did not indicate 

any clear differences from descriptive analyses. Of note, 

such differences were often attributed to the varying concen-

tration of mRNA in previous vaccines (e.g., the mRNA-1273 

vaccine had 3-fold greater concentration than the BNT162b2 

vaccine [32]).

Prior immunization has been shown to elicit an even stron-

ger immune response across SARS-CoV-2 vaccine studies [30, 

42, 43]. Nearly 60% of our participants had a positive nucleo-

capsid antibody test at baseline, suggestive of previous infection 

and 4% received a recent vaccination (within 6 months prior to 

baseline). Participants with evidence of prior immunization 

had higher baseline immune response, without marked differ-

ences in the immune response dynamic in the follow-up 

(Supplementary Tables 6 and 10). Our study has several limita-

tions. First, we acknowledge that interpreting the anti-spike an-

tibody level cutoff of 1642 units/mL requires caution. While at 

the beginning of the COVID-19 pandemic antibody responses 

were more straightforward to interpret, the emergence of sev-

eral variants as well as repeated exposure to the virus have 

made the interpretation more difficult [44, 45]. Second, we 

do not have information on neutralizing antibodies for the 

new variants or data systematically collected on prior 

COVID-19 episodes except nucleocapsid antibodies as a proxy. 

Last, for the geometric mean concentration of the humoral re-

sponse, we excluded all patients from the University Hospital 

Basel site (n = 32) due to variations in the local laboratory pro-

tocol for diluting high values compared to other laboratories.

In conclusion, this is the largest study on immune response 

in PWH and SOT recipients after receiving an mRNA-based bi-

valent COVID-19 vaccine. Despite a waning effect, antibody 

levels remained high at 6 months. SOT recipients, particularly 

lung transplant recipients, showed lower and delayed immune 

responses. Further research is required to understand the clin-

ical implications of these immune response patterns.

Supplementary Data

Supplementary materials are available at The Journal of 

Infectious Diseases online (http://jid.oxfordjournals.org/). 

Supplementary materials consist of data provided by the author 
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are the sole responsibility of the authors. Questions or messages 

regarding errors should be addressed to the author.

Notes

Author contributions. A. Am., F. C., A. Au., A. G., N. D. L., 

H. C. B., H. F. G., I. A. A., M. B., and B. S. designed the 

study. K. K. developed the database structure and link between 

the SHCS and COVERALL study. F. C. conducted the statistical 

analyses. A. Am., F. C., C. M. S., and B. S. were responsible for 

monitoring. A. Am. and B. S. coordinated the study. A. L. E., 

D. L. B., P. A., M. P. S., B. H., M. P. O., O. M., C. B., 

M. M. S., R. H., D. D., M. T., N. J. M., A. R., H. F. G. were re-

sponsible for patient recruitment and follow-up at local 

centers. K. K., M. T. K., R. K., and I. A. A. managed the data 

matching with the cohort studies. A. Au. conducted all labora-

tory analyses. A. Am., F. C., A. Au., A. G., I. A. A., M. B., and 

B. S. interpreted the data. A. Am. and B. S. wrote the first draft 

of the manuscript. All authors read and approved the final ver-

sion of the manuscript.

Acknowledgments. We are grateful to all involved study staff 

at the local centers in Basel (Maria Pascarella, Louise Seiler), 

Zürich (Daniela Gsell, Katia Dettling, Laura Tschuor, 

Christina Grube, Flurina Brunschweiler, Christine Schneider, 

Andrea Wallensteiner, Daniel Götsch, Andrea Macedo, 

Esther Göldi, Alina Imoli), Bern (Manuela Correia da Silva 

Saúde, Daniela Hirter, Pia Scherler, Anna Rehbock), 

Lausanne (Angela Koutsokera), and the Institute of Medical 

Virology, University of Zürich. Most importantly, we thank 

all study participants.

Members of the Swiss HIV Cohort Study. I. Abela, 

K. Aebi-Popp, A. Anagnostopoulos, M. Battegay, 

E. Bernasconi, D. L. Braun, H. C. Bucher, A. Calmy, 

M. Cavassini, A. Ciuffi, G. Dollenmaier, M. Egger, L. Elzi, 

J. Fehr, J. Fellay, H. Furrer, C. A. Fux, H. F. Günthard 

(President of the SHCS), A. Hachfeld, D. Haerry (Deputy of 

Positive Council), B. Hasse, H. H. Hirsch, M. Hoffmann, 

I. Hösli, M. Huber, D. Jackson-Perry (patient representatives), 

C. R. Kahlert (Chairman of the Mother and Child Substudy), 

L. Kaiser, O. Keiser, T. Klimkait, R. D. Kouyos, H. Kovari, 

K. Kusejko (Head of Data Centre), N. Labhardt, 

K. Leuzinger, B. Martinez de Tejada, C. Marzolini, 

K. J. Metzner, N. Müller, J. Nemeth, D. Nicca, J. Notter, 

P. Paioni, G. Pantaleo, M. Perreau, A. Rauch (Chairman of 

10 • JID • Amstutz et al

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jid
/a

d
v
a
n
c
e
-a

rtic
le

/d
o
i/1

0
.1

0
9
3
/in

fd
is

/jia
e
2
9
1
/7

6
8
9
6
5
3
 b

y
 U

n
iv

e
rs

ity
 o

f Z
u
ric

h
 u

s
e
r o

n
 0

9
 J

u
ly

 2
0
2
4

http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiae291#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiae291#supplementary-data
http://jid.oxfordjournals.org/
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiae291#supplementary-data
http://academic.oup.com/jid/article-lookup/doi/10.1093/infdis/jiae291#supplementary-data


the Scientific Board), L. Salazar-Vizcaya, P. Schmid, R. Speck, 

M. Stöckle M (Chairman of the Clinical and Laboratory 

Committee), P. Tarr, A. Trkola, G. Wandeler, M. Weisser, 

S. Yerly.

Members of the Swiss Transplant Cohort Study. Patrizia 

Amico, John-David Aubert, Vanessa Banz, Sonja Beckmann, 

Guido Beldi, Christoph Berger, Ekaterine Berishvili, Annalisa 

Berzigotti, Isabelle Binet, Pierre-Yves Bochud, Sanda Branca, 

Heiner C. Bucher, Emmanuelle Catana, Anne Cairoli, Yves 

Chalandon, Sabina De Geest, Olivier De Rougemont, Sophie De 

Seigneux, Michael Dickenmann, Joëlle Lynn Dreifuss, Michel 

Duchosal, Thomas Fehr, Sylvie Ferrari-Lacraz, Christian 

Garzoni, Déla Golshayan, Nicolas Goossens, Fadi Haidar, Jörg 

Halter, Dominik Heim, Christoph Hess, Sven Hillinger, Hans H 

Hirsch, Patricia Hirt, Linard Hoessly, Günther Hofbauer, Uyen 

Huynh-Do, Franz Immer, Michael Koller, Bettina Laesser, 

Frédéric Lamoth, Roger Lehmann, Alexander Leichtle, Oriol 

Manuel, Hans-Peter Marti, Michele Martinelli, Valérie McLin, 

Katell Mellac, Aurélia Merçay, Karin Mettler, Nicolas J Mueller, 

Ulrike Müller-Arndt, Beat Müllhaupt, Mirjam Nägeli, Graziano 

Oldani, Manuel Pascual, Jakob Passweg, Rosemarie Pazeller, 

Klara Posfay-Barbe, Juliane Rick, Anne Rosselet, Simona Rossi, 

Silvia Rothlin, Frank Ruschitzka, Thomas Schachtner, Stefan 

Schaub, Alexandra Scherrer, Aurelia Schnyder, Macé 

Schuurmans, Simon Schwab, Thierry Sengstag, Federico 

Simonetta, Susanne Stampf, Jürg Steiger, Guido Stirnimann, 

Ueli Stürzinger, Christian Van Delden, Jean-Pierre Venetz, Jean 

Villard, Julien Vionnet, Madeleine Wick, Markus Wilhelm, 

Patrick Yerly.

Disclaimer. The study protocol was reviewed by Moderna 

before conduct. The funders had no role in data collection 

and analysis, and preparation of the manuscript. Before sub-

mission, Moderna had the right to read the manuscript and 

make suggestions, but the study team was not obliged to accept 

suggestions and Moderna was not involved in the final decision 

to submit to the journal.

Financial support. This work (COVERALL-3) was support-

ed by Moderna. The setup of the study platform (ie, 

COVERALL) was funded by the Swiss National Science 

Foundation (grant number 31CA30_196245). The Swiss HIV 

Cohort Study (SHCS) and the Swiss Transplant Cohort Study 

(STCS) are funded by the Swiss National Science Foundation 

(grant numbers 177499 and 201369 to SHCS and 

33CS30_177522 to STCS). The reagents required for the 

Elecsys Anti-SARS-CoV-2 S and Elecsys Anti-SARS-CoV-2 as-

says used at the Institute of Medical Virology in Zürich were 

provided by Roche. A. A. received his salary for the duration 

of this project from the Junior Research Fund of the 

University of Basel. C. M. S. received his salary for the duration 

of this project from the Swiss National Science Foundation 

(grant number 323530_221860) and the Janggen Pöhn 

Foundation.

Potential conflicts of interest. B. S. and M. B. received unre-

stricted grants from Moderna (2021/2022) for the conduct of the 

COVERALL-2 and COVERALL-3 study. H. C. B. has received 

in the 36 months prior to the submission of this manuscript 1 

grant from Gilead that was not related to this project; has served 

as the president of the Association Contre le HIV et Autres 

Infections Transmissibles until June 2022; and in this role he 

had received support for the Swiss HIV Cohort Study from 

ViiV Healthcare, Gilead, BMS, and MSD. A. T. received unre-

stricted research funding from the Swiss National Science 

Foundation, the Swiss HIV Cohort Study, Gilead Sciences, 

and Novartis, not related to this study. D. L. B. received honorar-

ia for advisory boards from Gilead, MSD, Pfizer, AstraZeneca, 

and ViiV, outside of the study. I. A. received travel and research 

grants from Gilead; and honoraria as part of advisory board 

member for Moderna, outside of this study. H. F. G., outside 

of this study, reports grants from the Swiss National Science 

Foundation, National Institutes of Health (NIH), and the 

Swiss HIV Cohort Study; unrestricted research grants from 

the Bill and Melinda Gates Foundation, Gilead Sciences, ViiV 

Healthcare, and Yvonne Jacob Foundation; personal fees from 

consulting or advisory boards or data safety monitoring boards 

for Merck, Gilead Sciences, ViiV Healthcare, Janssen, Johnson 

and Johnson, GSK, and Novartis; and his institution received 

money for participation in the following clinical COVID-19 

studies: 540-7773/5774 (Gilead), TICO (ACTIV-3, INSIGHT/ 

NIH), and the Morningsky study (Roche). A. R. reports support 

to his institution for advisory boards and/or travel grants from 

MSD, Gilead Sciences, and Pfizer; and an investigator-initiated 

trial grant from Gilead Sciences; all remuneration went to his 

home institution and not to A. R. personally, and all remunera-

tion was outside the submitted work. D. L. B. reports honoraria 

for advisory boards, lectures, and travel grants from Gilead, 

MSDV, and ViiV, outside this work. N. J. M. reports honoraria 

for advisory boards and travel grants from Gilead, Biotest, and 

Takeda, outside of this work. R. D. K. reports grants from the 

Swiss National Science Foundation, NIH, the Swiss HIV 

Cohort Study, and Gilead Sciences, all outside of this study. 

All other authors report no potential conflicts.

All authors have submitted the ICMJE Form for Disclosure 

of Potential Conflicts of Interest. Conflicts that the editors con-

sider relevant to the content of the manuscript have been 

disclosed.

References

1. Watson OJ, Barnsley G, Toor J, Hogan AB, Winskill P, 

Ghani AC. Global impact of the first year of COVID-19 vac-

cination: a mathematical modelling study. Lancet Infect Dis 

2022; 22:1293–302.

2. World Health Organization. WHO COVID-19 dashboard. 

https://covid19.who.int/?mapFilter=vaccinations. Accessed 

21 June 2023.

Bivalent SARS-CoV-2 Vaccines • JID • 11

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jid
/a

d
v
a
n
c
e
-a

rtic
le

/d
o
i/1

0
.1

0
9
3
/in

fd
is

/jia
e
2
9
1
/7

6
8
9
6
5
3
 b

y
 U

n
iv

e
rs

ity
 o

f Z
u
ric

h
 u

s
e
r o

n
 0

9
 J

u
ly

 2
0
2
4

https://covid19.who.int/?mapFilter=vaccinations


3. Our World in Data. COVID-19 vaccine doses adminis-

tered by manufacturer, European Union. https://ourworld 

indata.org/grapher/covid-vaccine-doses-by-manufacturer. 

Accessed 21 June 2023.

4. Centers for Disease Control and Prevention. COVID data 

tracker. https://covid.cdc.gov/covid-data-tracker/#vaccinat 

ions_vacc-people-booster-percent-pop5. Accessed 21 June 

2023.

5. Polack FP, Thomas SJ, Kitchin N, et al. Safety and efficacy 

of the BNT162b2 mRNA COVID-19 vaccine. N Engl J Med 

2020; 383:2603–15.

6. Baden LR, El Sahly HM, Essink B, et al. Efficacy and safety 

of the mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med 

2021; 384:403–16.

7. Speich B, Chammartin F, Smith D, et al. A trial platform to 

assess approved SARS-CoV-2 vaccines in immunocom-

promised patients: first sub-protocol for a pilot trial com-

paring the mRNA vaccines Comirnaty(R) and 

COVID-19 mRNA vaccine Moderna(R). Trials 2021; 22: 

724.

8. Kusejko K, Chammartin F, Smith D, et al. Developing and 

testing a Corona VaccinE tRiAL pLatform (COVERALL) 

to study COVID-19 vaccine response in immunocompro-

mised patients. BMC Infect Dis 2022; 22:654.

9. Scherrer AU, Traytel A, Braun DL, et al. Cohort profile up-

date: the Swiss HIV Cohort Study (SHCS). Int J Epidemiol 

2021; 51:33–4j.

10. Koller MT, van Delden C, Muller NJ, et al. Design and 

methodology of the Swiss Transplant Cohort Study 

(STCS): a comprehensive prospective nationwide long- 

term follow-up cohort. Eur J Epidemiol 2013; 28:347–55.

11. Speich B, Chammartin F, Abela IA, et al. Antibody re-

sponse in immunocompromised patients after the admin-

istration of SARS-CoV-2 vaccine BNT162b2 or 

mRNA-1273: a randomised controlled trial. Clin Infect 

Dis 2022; 75:e585–93.

12. Griessbach A, Chammartin F, Abela IA, et al. Antibody re-

sponse after third vaccination with mRNA-1273 or 

BNT162b2: extension of a randomized controlled 

SARS-CoV-2 noninferiority vaccine trial in patients with 

different levels of immunosuppression (COVERALL-2). 

Open Forum Infect Dis 2023; 10:ofad150.

13. Griessbach A, Chammartin F, Abela IA, et al. Antibody re-

sponse after the third SARS-CoV-2 vaccine in solid organ 

transplant recipients and people living with HIV 

(COVERALL-2). Open Forum Infect Dis 2023; 10: 

ofad536.

14. Chammartin F, Griessbach A, Kusejko K, et al. Bridging 

the gap: identifying factors impacting mRNA 

SARS-CoV-2 vaccine booster response in people living 

with HIV-1. AIDS 2023; 38:217–22.

15. Tseng HF, Ackerson BK, Bruxvoort KJ, et al. Effectiveness 

of mRNA-1273 vaccination against SARS-CoV-2 Omicron 

subvariants BA.1, BA.2, BA.2.12.1, BA.4, and BA.5. Nat 

Commun 2023; 14:189.

16. Collie S, Champion J, Moultrie H, Bekker LG, Gray G. 

Effectiveness of BNT162b2 vaccine against Omicron vari-

ant in South Africa. N Engl J Med 2022; 386:494–6.

17. Lauring AS, Tenforde MW, Chappell JD, et al. Clinical se-

verity of, and effectiveness of mRNA vaccines against, 

COVID-19 from Omicron, Delta, and Alpha 

SARS-CoV-2 variants in the United States: prospective ob-

servational study. BMJ 2022; 376:e069761.

18. Abu-Raddad LJ, Chemaitelly H, Ayoub HH, et al. Effect of 

mRNA vaccine boosters against SARS-CoV-2 Omicron in-

fection in Qatar. N Engl J Med 2022; 386:1804–16.

19. Ferdinands JM, Rao S, Dixon BE, et al. Waning 2-dose and 

3-dose effectiveness of mRNA vaccines against 

COVID-19-associated emergency department and urgent 

care encounters and hospitalizations among adults during 

periods of Delta and OMICRON variant predominance— 

VISION network, 10 states, August 2021-January 2022. 

MMWR Morb Mortal Wkly Rep 2022; 71:255–63.

20. Tartof SY, Slezak JM, Puzniak L, et al. Effectiveness of 

BNT162b2 BA.4/5 bivalent mRNA vaccine against a range 

of COVID-19 outcomes in a large health system in the 

USA: a test-negative case-control study. Lancet Respir 

Med 2023; 11:1089–100.

21. Link-Gelles R, Levy ME, Gaglani M, et al. Effectiveness of 2, 

3, and 4 COVID-19 mRNA vaccine doses among immuno-

competent adults during periods when SARS-CoV-2 

Omicron BA.1 and BA.2/BA.2.12.1 sublineages predomi-

nated—VISION network, 10 states, December 2021-June 

2022. MMWR Morb Mortal Wkly Rep 2022; 71:931–9.

22. Chalkias S, Harper C, Vrbicky K, et al. A bivalent 

Omicron-containing booster vaccine against COVID-19. 

N Engl J Med 2022; 387:1279–91.

23. Winokur P, Gayed J, Fitz-Patrick D, et al. Bivalent 

Omicron BA.1-adapted BNT162b2 booster in adults older 

than 55 years. N Engl J Med 2023; 388:214–27.

24. Federal Office of Public Health. COVID-19: booster vacci-

nation from next week. https://www.bag.admin.ch/bag/en/ 

home/das-bag/aktuell/medienmitteilungen.msg-id-90601. 

html. Accessed 28 June 2023.

25. EUROIMMUN. Quan-T-Cell SARS-CoV-2 and 

Quan-T-Cell ELISA. https://www.coronavirus-diagnost 

ics.com/documents/Indications/Infections/Coronavirus/E 

T_2606_D_UK_A.pdf. Accessed 25 June 2023.

26. Chen CC, Hsu MK, Huang YJ, et al. Protective effect of 

vaccine doses and antibody titers against SARS-CoV-2 in-

fection in kidney transplant recipients. Transpl Int 2023; 

36:11196.

12 • JID • Amstutz et al

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jid
/a

d
v
a
n
c
e
-a

rtic
le

/d
o
i/1

0
.1

0
9
3
/in

fd
is

/jia
e
2
9
1
/7

6
8
9
6
5
3
 b

y
 U

n
iv

e
rs

ity
 o

f Z
u
ric

h
 u

s
e
r o

n
 0

9
 J

u
ly

 2
0
2
4

https://ourworldindata.org/grapher/covid-vaccine-doses-by-manufacturer
https://ourworldindata.org/grapher/covid-vaccine-doses-by-manufacturer
https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-people-booster-percent-pop5
https://covid.cdc.gov/covid-data-tracker/#vaccinations_vacc-people-booster-percent-pop5
https://www.bag.admin.ch/bag/en/home/das-bag/aktuell/medienmitteilungen.msg-id-90601.html
https://www.bag.admin.ch/bag/en/home/das-bag/aktuell/medienmitteilungen.msg-id-90601.html
https://www.bag.admin.ch/bag/en/home/das-bag/aktuell/medienmitteilungen.msg-id-90601.html
https://www.coronavirus-diagnostics.com/documents/Indications/Infections/Coronavirus/ET_2606_D_UK_A.pdf
https://www.coronavirus-diagnostics.com/documents/Indications/Infections/Coronavirus/ET_2606_D_UK_A.pdf
https://www.coronavirus-diagnostics.com/documents/Indications/Infections/Coronavirus/ET_2606_D_UK_A.pdf


27. R Core Team. R: A language and environment for statisti-

cal computing. Vienna: R Foundation for Statistical 

Computing, 2021. https://www.R-project.org/. Accessed 

10 June 2024.

28. Chen SY, Lin CY, Chi H, et al. The effectiveness of bivalent 

COVID-19 vaccination: a preliminary report. Life 2023; 

13:2094.

29. Link-Gelles R, Ciesla AA, Roper LE, et al. Early estimates of 

bivalent mRNA booster dose vaccine effectiveness in pre-

venting symptomatic SARS-CoV-2 infection attributable 

to Omicron BA.5- and XBB/XBB.1.5-related sublineages 

among immunocompetent adults—increasing community 

access to testing program, United States, December 

2022-January 2023. MMWR Morb Mortal Wkly Rep 

2023; 72:119–24.

30. Vergori A, Matusali G, Lepri AC, et al. Neutralizing activity 

and T-cell response after bivalent fifth dose of messenger 

RNA vaccine in people living with HIV. Int J Infect Dis 

2023; 134:195–9.

31. Alexandrova Y, Yero A, Bouassa M, et al. SARS-CoV-2 

vaccine-induced T-cell response after three doses in people 

living with HIV on antiretroviral therapy compared to se-

ronegative controls (CTN 328 COVAXHIV study). Viruses 

2023; 15:575.

32. Obeid M, Suffiotti M, Pellaton C, et al. Humoral responses 

against variants of concern by COVID-19 mRNA vaccines 

in immunocompromised patients. JAMA Oncol 2022; 8: 

e220446.

33. Barczi E, Varga V, Nagy A, et al. Serological findings fol-

lowing the second and third SARS-CoV-2 vaccines in 

lung transplant recipients. Immun Inflamm Dis 2022; 10: 

e646.

34. Lucca F, Bezzerri V, Danese E, et al. Immunogenicity and 

safety of the BNT162b2 COVID-19 vaccine in patients with 

cystic fibrosis with or without lung transplantation. Int J 

Mol Sci 2023; 24:908.

35. Lautem A, Boedecker-Lips SC, Schneider E, et al. The cel-

lular and humoral immune response to SARS-CoV-2 mes-

senger RNA vaccines is significantly better in liver 

transplant patients compared with kidney transplant pa-

tients. Pathogens 2023; 12:910.

36. Tripodi D, Dominici R, Sacco D, et al. Antibody response 

after 3-dose booster against SARS-CoV-2 mRNA vaccine 

in kidney transplant recipients. Vaccines (Basel) 2024; 

12:264.

37. Fernandez-Ruiz M, Almendro-Vazquez P, Redondo N, 

et al. Cell-mediated and neutralizing antibody responses 

to the SARS-CoV-2 Omicron BA.4/BA.5-adapted bivalent 

vaccine booster in kidney and liver transplant recipients. 

Transplant Direct 2023; 9:e1536.

38. Itamochi M, Yazawa S, Inasaki N, et al. Neutralization of 

Omicron subvariants BA.1 and BA.5 by a booster dose of 

COVID-19 mRNA vaccine in a Japanese nursing home co-

hort. Vaccine 2023; 41:2234–42.

39. Canaday DH, Oyebanji OA, White EM, et al. SARS-CoV-2 

antibody responses to the ancestral SARS-CoV-2 strain 

and Omicron BA.1 and BA.4/BA.5 variants in nursing 

home residents after receipt of bivalent COVID-19 vac-

cine—Ohio and Rhode Island, September-November 

2022. MMWR Morb Mortal Wkly Rep 2023; 72:100–6.

40. Breznik JA, Rahim A, Bhakta H, et al. Early humoral and 

cellular responses after bivalent SARS-CoV-2 

mRNA-1273.214 vaccination in long-term care and retire-

ment home residents in Ontario, Canada: an observational 

cohort study. J Med Virol 2023; 95:e29170.

41. Prather AA, Dutcher EG, Robinson J, et al. Predictors of 

long-term neutralizing antibody titers following 

COVID-19 vaccination by three vaccine types: the 

BOOST study. Sci Rep 2023; 13:6505.

42. Huang M, Cui T, Liu S, et al. Blended BA.5 infection within 

8 days after a boosted bivalent mRNA vaccination 

strengthens and lengthens the host immunity. J Med 

Virol 2024; 96:e29544.

43. Rudolph AE, Khan FL, Shah A, et al. Effectiveness of 

BNT162b2 BA.4/5 bivalent mRNA vaccine against symp-

tomatic COVID-19 among immunocompetent individuals 

testing at a large US retail pharmacy. J Infect Dis 2024; 229: 

648–59.

44. Sendi PA-O, Widmer N, Branca M, et al. Do quantitative 

levels of antispike-IgG antibodies aid in predicting protec-

tion from SARS-CoV-2 infection? Results from a longitu-

dinal study in a police cohort. J Med Virol 2023; 95:e28904.

45. Goldblatt D, Fiore-Gartland A, Johnson M, et al. Towards a 

population-based threshold of protection for COVID-19 

vaccines. Vaccine 2022; 40:306–15.

Bivalent SARS-CoV-2 Vaccines • JID • 13

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jid
/a

d
v
a
n
c
e
-a

rtic
le

/d
o
i/1

0
.1

0
9
3
/in

fd
is

/jia
e
2
9
1
/7

6
8
9
6
5
3
 b

y
 U

n
iv

e
rs

ity
 o

f Z
u
ric

h
 u

s
e
r o

n
 0

9
 J

u
ly

 2
0
2
4

https://www.R-project.org/

	Antibody and T-Cell Response to Bivalent Booster �SARS-CoV-2 Vaccines in People With Compromised Immune Function: COVERALL-3 Study
	METHODS
	Study Design
	Participants
	Data and Blood Sample Collection
	Laboratory Measurements
	Outcomes
	Data Analysis

	RESULTS
	Baseline Characteristics of Participants
	Antibody Status and Response
	T-Cell Status and Response
	Clinical Outcomes

	DISCUSSION
	Supplementary Data
	Notes
	References


