
This is the accepted version of the journal article:

Jiménez, Moraima [et al.]. «Kinetics of cellular and humoral immunogenicity
and effectiveness of SARS-CoV-2 booster vaccination in hematologic
neoplasms». American journal of hematology, Vol. 98, Num. 8 (August 2023), p.
1204-1213 DOI 10.1002/ajh.26951

This version is available at https://ddd.uab.cat/record/329560

under the terms of the  license.

https://ddd.uab.cat/record/329560


Article type: Regular article 1 

 2 

Kinetics of cellular and humoral immunogenicity and effectiveness of SARS-3 

CoV-2 booster vaccination in hematologic neoplasms 4 

 5 

Running title: Kinetics of immunogenicity and effectiveness of SARS-CoV-2 vaccination 6 

in hematologic neoplasms 7 

Authors:  8 

Moraima Jiménez1,2, Candela Fernández-Naval3, Víctor Navarro4, Sandra Novoa1, 9 

Mónica Martinez-Gallo5, Daniel Medina2,6, Cristina Andrés3, Andrés Antón3, Soraya 10 

Peralta2,6, Gemma Pujadas2,6, Cristina Hernández2,6, Carlota Pagès2,6, Elisa Roldán1, 11 

Tomás Pumarola3,7, Mercedes Gironella1,2, Isabel Ruiz-Camps7,8, Xavier Martínez-12 

Gómez9, David Valcárcel1,2, Manuel Hernández5, Francesc Bosch1,2, Marta Crespo*2,6 13 

Juliana Esperalba*3,9 Pau Abrisqueta*1,2 14 

* These authors contributed equally to this study. 15 

1-Servei d’Hematologia, Vall d’Hebron Hospital Universitari, Experimental Hematology, 16 

Vall d’Hebron Institute of Oncology (VHIO), Vall d’Hebron Barcelona Hospital Campus, 17 

Passeig Vall d'Hebron 119-129, 08035 Barcelona, Spain 18 

2-Department of Medicine, Universitat Autònoma de Barcelona, 08193. Bellaterra, Spain 19 

3-Department of Microbiology, Vall d’Hebron Hospital Universitari, Vall d’Hebron Institut 20 

de Recerca (VHIR), Vall d’Hebron Barcelona Hospital Campus, Passeig Vall d'Hebron 21 

119-129, 08035 Barcelona, Spain. 22 

4-Oncology Data Science (ODysSey) Group, Vall d’Hebron Institute of Oncology (VHIO), 23 

Barcelona, Spain 24 



5-Department of Immunology, Vall d’Hebron Hospital Universitari, Vall d’Hebron 25 

Research Institute, Vall d’Hebron Barcelona Hospital Campus. Department of Cell 26 

Biology, Physiology and Immunology, Autonomous University of Barcelona (UA), 27 

Barcelona, Spain. 28 

6-Experimental Hematology,  Vall d’Hebron Institute of Oncology (VHIO), Vall d’Hebron 29 

Barcelona Hospital Campus, C/ Natzaret, 115-117, 08035 Barcelona, Spain 30 

7-CIBER de Enfermedades Infecciosas-CIBERINFEC, Instituto de Salud Carlos III, 31 

Madrid, Spain 32 

8-Department of Infectious diseases, Vall d’Hebron Hospital Universitari, Vall d’Hebron 33 

Research Institute, Vall d’Hebron Barcelona Hospital Campus, Barcelona, Spain. 34 

9-Department of Preventive Medicine and Epidemiology, Vall d’Hebron Hospital 35 

Universitari, Vall d’Hebron Research Institute, Vall d’Hebron Barcelona Hospital 36 

Campus, Barcelona, Spain. 37 

 38 

Corresponding Author: 39 

Pau Abrisqueta, MD, PhD. 40 

Servei d’Hematologia, Vall d’Hebron Hospital Universitari, Experimental Hematology, 41 

Vall d’Hebron Institute of Oncology (VHIO), Vall d’Hebron Barcelona Hospital Campus, 42 

Passeig Vall d'Hebron 119-129, 08035 Barcelona, Spain 43 

Phone: +34 934893000 ext 4895 44 

e-mail: pabrisqueta@vhio.net 45 

 46 

Abstract word count: 250 / 250 47 

Text word count: 3772/4000 48 

Number of tables (supplementary material): 1 49 

https://www.google.es/search?q=hospital+vall+hebron&rls=com.microsoft:es&ie=UTF-8&oe=UTF-8&startIndex=&startPage=1
mailto:pabrisqueta@vhio.net


Number of figures: 4 50 

Number of references: 43 51 

 52 

KEY WORDS 53 

SARS-CoV-2, COVID-19, vaccination, hematologic malignancies 54 

 55 

DATA AVAILABILITY STATEMENT 56 

The data that support the findings of this study are available from the corresponding 57 

author upon request.  58 

FUNDING STATEMENT 59 

This research received no specific grant from any funding agency in the public, 60 

commercial, or not-for-profit sectors. 61 

ETHICS APPROVAL AND PATIENT CONSENT STATEMENT 62 

This study was approved by the Institutional Clinical Research Ethics Committee of our 63 

center (Study number: 5818) and all patients provided written informed consent in 64 

accordance with the Helsinki declaration. 65 

CONFLICT OF INTEREST DISCLOSURES 66 

The following represents disclosure information provided by the authors of this 67 

manuscript. MJ has received honoraria from GSK and Sanofi. DV has received honoraria 68 

from Asofarma, Astellas, BMS/Celgene, Amgen, Janssen, Jazz, MSD, Sanofi, Novartis, 69 

Takeda, and Pfzer. PA has received honoraria from Janssen, Roche, BMS, Abbie and 70 

Astrazeneca. MC has received research funding from Pharmacyclics, Genentech and 71 

AstraZeneca. FB has received honoraria from Janssen, Gilead, Roche, BMS, Abbie, 72 

AstraZeneca, Novartis and Lilly. All remaining authors have no conflicts to declare. IRC 73 

has received honoraria from Pfizer, MSD, Gilead, AstraZeneca, Janssen and BMS. 74 

 75 

 76 

 77 

 78 



ABSTRACT 79 

Data on the effect of booster SARS-CoV-2 vaccination are mainly focused on humoral 80 

immunogenicity, whilst the kinetics of vaccine-induced cellular response and its 81 

correlation with effectiveness in hematologic patients are less explored. Our aim was to 82 

evaluate the longitudinal cellular and humoral immunogenicity induced by two and three 83 

doses of the mRNA-1273 SARS-CoV-2 vaccine in 270 patients with hematologic 84 

malignancies, and its relationship with the severity of breakthrough SARS-CoV-2 85 

infection.  86 

Results indicate that at twenty-three weeks after the second dose, the seroconversion 87 

rate declined from 68.5% to 59.3%, with a reduction in median anti-S titers from 1577 to 88 

456 BAU/mL, mainly in patients over 65 years of age or CLL patients undergoing active 89 

therapy. Cellular immunogenicity, however, remained positive in 84.4% of cases.  90 

A third vaccine dose seroconverted 42.7% (41/96) and triggered cellular response in 91 

36.7% (11/30) of previously negative patients. Notably, only 7.2% (15/209) of patients 92 

failed to develop both humoral and cellular response. Active therapy, anti-CD20 93 

antibodies, lymphopenia, hypogammaglobulinemia, and low CD19+ cell count were 94 

associated with poor humoral response, while active disease, GvHD 95 

immunosuppressive therapy, lymphopenia and low CD3+, CD4+, CD56+ cell count 96 

determined an impaired cellular response. 97 

After 13.8 months of follow-up, the incidence of SARS-CoV-2 infection was 24.8% 98 

(67/270), including 6 (9%) severe/critical cases associated with a weaker cellular 99 

(median IFN-γ 0.19 vs. 0.35 IU/ml) and humoral response (median anti-S titer <4.81 vs. 100 

788 BAU/mL) than asymptomatic/mild cases. 101 

In conclusion, humoral response improves and T-cell response remains stable after 102 

SARS-CoV-2 booster vaccination, COVID-19 severity is associated with impaired 103 

vaccine-induced immunogenicity. 104 



INTRODUCTION 105 

Vaccination against SARS-CoV-2 has proven to be an effective strategy to prevent 106 

severe coronavirus disease 2019 (COVID-19). 1 Nevertheless, despite being vaccinated 107 

patients with hematological neoplasms continue to have a higher risk of hospitalization, 108 

severe disease, and COVID-19-related death with a mortality rate of 12.4%. 2-3 109 

One of the reasons of the poor clinical outcomes of COVID-19 could be the impaired 110 

humoral and cellular immunogenicity obtained by the initial vaccination scheme of two 111 

doses. Different studies describe heterogeneous rates of seroconversion (38.1-99.1%) 112 

4-9 and cellular response (26.5-85.9%) 4, 5 depending on the underlying hematologic 113 

disease and treatment administered. In addition, there is a reduction over time in the 114 

median antibody titers associated with a decreased effectiveness against symptomatic 115 

disease and hospitalization. 10-12 Therefore, the need to increase immunogenicity after a 116 

suboptimal initial response to vaccination and the waning of humoral response over time 117 

has led to the authorization to administer vaccine booster doses in this high-risk 118 

immunocompromised population. 119 

A third vaccine dose has demonstrated success in the seroconversion of around 23-35% 120 

seronegative patients with hematologic malignancies after two doses of vaccine. 13-15 121 

However, patients diagnosed with lymphoproliferative diseases and under active therapy 122 

with B-cell directed agents remain with a poor humoral response, 16-18 therefore cellular 123 

immunogenicity may be crucial to provide vaccine effectiveness in these patients. 19-20 124 

We and others described the discordance between cellular and humoral immunogenicity, 125 

especially in patients under treatment with anti-CD20 antibodies who preserve a robust 126 

vaccine-induced cellular response, as opposite to allogenic HSCT patients who exhibit 127 

a diminished cellular response. 21, 22 128 



The kinetics of humoral and cellular immune response and long-term incidence of 129 

breakthrough infections by the succession of diverse virus variants remain unclear in the 130 

immunocompromised population, including patients with hematologic malignancies. 131 

The objective of this study was to evaluate the longitudinal cellular and humoral 132 

immunogenicity of the mRNA-1273 SARS-CoV-2 vaccine and determine the persistence 133 

of the initial immune response, the effect of a third vaccine dose and the clinical 134 

correlation of achieving immunogenicity with the severity of the infection during a long 135 

follow-up (March 2021-May 2022) in patients with hematologic malignancies. 136 

METHODS 137 

Study design and population 138 

This is a prospective, longitudinal, and observational study conducted by Vall d’Hebron 139 

University Hospital Campus in Barcelona, Spain. The study cohort included patients 140 

diagnosed with hematologic malignancies or who underwent an allogenic HSCT (median 141 

time from transplant to vaccination 29.6 months, range 3.7-70.3 months) who received 142 

the mRNA-1273 SARS-CoV-2 vaccine. The initial scheme included two vaccine doses 143 

administered 28 days apart during the months of March and April 2021 and a posterior 144 

third vaccine dose between September 2021 and December 2021 (median of 26 weeks 145 

[IQR 26-31] apart from the second vaccine dose).  146 

Patients who suffered COVID-19 prior or during the study and positivized anti-S above 147 

the selected threshold or developed T-cell response were also included in the analysis. 148 

Blood draws were obtained at four points: 1. Baseline, immediately before the first 149 

vaccine dose (March 2021); 2. post-second dose (post-D2), after a median time of 26 150 

days (IQR 22-28) (April/May 2021); 3. pre-third dose (pre-D3), at a median time of 23 151 

weeks (IQR 22-23) after the second vaccine dose (September/October 2021); and 4. 152 

post-third dose (post-D3), at a median time of 11 weeks (IQR 8-15) after the third dose 153 

(December 2021/February 2022) (Figure 1).  154 



To determine the immunological condition, a blood count test was performed and total 155 

serum immunoglobulin levels evaluated at baseline and pre-D3. In addition, at the latter 156 

time point, T, B, and NK cell subpopulations were also assessed. 157 

Additionally, to identify individuals with previous or recent SARS-CoV-2 asymptomatic 158 

infection, specific antibodies against the nucleocapsid (N) were measured at every time 159 

point.  160 

This study was approved by the Institutional Clinical Research Ethics Committee of our 161 

center (Study number: 5818) and all patients provided written informed consent in 162 

accordance with the Helsinki declaration. 163 

Assessment of humoral immune response 164 

To evaluate the humoral immune response to the vaccine, at each tome point two 165 

commercial chemiluminescence immunoassays (CLIA) were used: 1) LIAISON® SARS-166 

CoV-2 TrimericS IgG (DiaSorin, Stillwater, MN, USA) performed on the LIAISON® XL 167 

Analyzer (DiaSorin, Italy) for the determination of IgG antibodies against spike 168 

glycoprotein of SARS-CoV-2 (range <4.81 to >2080 BAU/mL), and 2) Elecsys® Anti-169 

SARS-CoV-2 (Roche Diagnostics, Mannheim, Germany) performed on the Cobas® 170 

8800 system (Roche Diagnostics, Switzerland) for the determination of total antibodies 171 

(including IgG, IgM and IgA) against nucleocapsid SARS-CoV-2 proteins (cut-off=1.0 172 

index).  173 

A positive humoral response or seroconversion was defined when an anti-S IgG titer was 174 

≥ 260 BAU/mL based on the agreement to promote an international common measure 175 

unit, 23, 24 the correlation of anti-S IgG level ≥ 260 BAU/mL with 80% vaccine efficacy 176 

against symptomatic COVID-19 25, and also on the clinical impact of this threshold in the 177 

Spanish health care system that enables prescription of anti-SARS-CoV-2 monoclonal 178 

antibodies pre and post exposure to patients considered as non-responders below this 179 

antibodies level. 180 



Assessment of cellular immune response 181 

SARS-CoV-2-specific T cell response was evaluated at each time point by the whole 182 

blood interferon-gamma-release-immuno-assay (IGRA) technology using 183 

QuantiFERON® SARS-CoV-2 RUO tubes from Qiagen® (Hilden, Germany), consisting 184 

of two tubes coated with a combination of SARS-CoV-2 spike antigens (S1, S2, RBD), a 185 

mitogen tube that serves as a positive control and a Nil tube as a negative control.26 This 186 

test was conducted following the manufacturer’s instructions: venous blood samples 187 

were collected directly into the four QuantiFERON® SARS-CoV-2 RUO tubes, incubated 188 

at 37°C for 16-24 hours and centrifuged to separate plasma. IFN-γ (IU/ml) was measured 189 

by CLIA using LIAISON® QuantiFERON-®TB Gold Plus assay (DiaSorin, Saluggia, VC, 190 

Italy) with the LIAISON® XL Analyzer (DiaSorin, Italy). Experimentally established cut-191 

off values (Ag1=0.06175 27 and Ag2=0.05135 [(unpublished data)]) were used for the 192 

interpretation of the results.  193 

 194 

Assessment of vaccine effectiveness 195 

The incidence of COVID-19 was evaluated during a median follow-up of 13.8 months 196 

(CI95% 13.7-14 months) since the administration of the first vaccine dose. Patients with 197 

compatible COVID-19 symptomatology underwent a screening with a SARS-CoV-2 RT-198 

PCR or an antigen test. Viral variants were genetically characterized in the RT-PCR 199 

confirmed cases and clinical data about the severity of COVID-19 (WHO classification), 200 

rate of hospitalization, ICU admission, need for supplemental oxygen or COVID-19 201 

specific therapy (steroids, antivirals, IL-6 inhibitors, anti-SARS-CoV-2 monoclonal 202 

antibodies) were collected. We considered an asymptomatic infection the observation of 203 

an anti-N seroconversion between two consecutive serological tests.  204 

Statistical analysis 205 



A descriptive analysis of all included variables in the study was performed. Continuous 206 

variables were expressed as median and interquartile range (IQR) and categorical 207 

variables were described as absolute values and percentages. Univariate logistic 208 

regression models were carried out to estimate the association between baseline and 209 

sixth month clinical factors, and between the early, persistent and post-third vaccine dose 210 

cellular and humoral immunization of the mRNA-1273 vaccine. Odds-ratio (ORs) with 211 

95% CIs were reported. No data imputation was performed and the data analyses were 212 

carried out using R statistical software version 3.6.2. For original data, please contact 213 

the corresponding author. 214 

RESULTS 215 

Patient characteristics 216 

A total of 270 patients were included in this study. Baseline and pre-third vaccine dose 217 

demographic and clinical characteristics from patients are summarized in table 1.  218 

During the time post-D2 and pre-D3, 26 patients (9.6%) changed their hematologic 219 

disease status (11 patients had a progression, 10 patients in stable disease achieved a 220 

complete response, and 5 treatment naïve patients initiated treatment and attained a 221 

partial response). Also, 37 patients changed their treatment status (13.7%): 19 patients 222 

under active therapy changed their initial treatment to another therapy, 12 patients 223 

completed their therapy prior the third dose and 6 patients off therapy/treatment naïve 224 

initiated active therapy during the observation study period.  225 

Persistence of humoral and cellular immunogenicity 6 months after two vaccine 226 

doses  227 

Two vaccine doses elicited an early humoral response rate of 68.5% (185/270) with a 228 

median anti-S of 1577 BAU/mL (IQR 96- >2080) at 4 weeks after vaccination, including 229 

the seropositive patients with prior COVID-19 infection (n=12) and the change in the 230 

threshold of humoral responders (anti-S IgG titer ≥ 260 BAU/mL). Patients older than 65 231 



years and patients diagnosed with CLL presented a seroconversion rate of 66.9% and 232 

65.4%, respectively. Nevertheless, their median anti-S title was significantly lower (1352 233 

BAU/mL and 650 BAU/mL respectively, p<0.05) post-D2. 234 

After almost 6 months (median of 23 weeks) post-D2, a decline in the seroconversion 235 

rate from 68.5% to 59.3% (147/248) and a reduction in the median anti-S antibodies 236 

titers from 1577 BAU/mL to 456 BAU/mL (IQR 33-1433) were observed. Of note, thirty-237 

one out of 185 (16.8%) initially seropositive patients became seronegative. The factors 238 

associated with losing the humoral response were: >65 years of age (reduction from 239 

66.9% to 50.9% of the seropositivity rate; p=0.04), CLL as an underlying disease 240 

(reduction from 65.4% to 44.7% of the seropositivity rate; p=0.04), active therapy 241 

(reduction from 53.5% to 41.4% of the seropositivity rate, p=0.03) and treatment with 242 

BTK inhibitors (reduction from 56.3% to 25.9% of the seropositivity rate, p<0.001). From 243 

the quantitative standpoint, the anti-S waning was observed in the whole cohort despite 244 

type of malignancy, status or type of treatment (Figures 2A, 2C, 2E). 245 

Other factors associated with a negative humoral immunogenicity at 6 months post-D2 246 

are described in figure 3A.  By contrast, only 4 patients initially negative became 247 

seropositive at this time point: 2 of them due to an asymptomatic SARS-CoV-2 infection 248 

with corroborated anti-N positivization, 1 probably caused by traces of anti-S antibodies 249 

present in transfused plasma or platelets units, and the last one due to a probable 250 

delayed humoral response to vaccination since the initial evaluation was early at day 12 251 

post-D2.  252 

Regarding the cellular response, including the patients with prior COVID-19 infection and 253 

positive interferon-γ producing SARS-CoV-2-reactive T cells (n=25), a total of 227 out of 254 

270 (84.1%) patients had an early cellular immunity 4 weeks after the second dose of 255 

the mRNA-1273 vaccine with a median Ag1 of 0.4 IU/ml (IQR 0.09-1.28). Cellular 256 

response was more stable than the humoral immunogenicity maintaining a positivity rate 257 

of 84.4% (205/243) 6 months post-D2 with a median Ag1 of 0.52 IU/ml (IQR 0.1-1.77) 258 



(Figures 2B, 2D, 2F). During this time, only 17 patients (7.49%) lost their initial positive 259 

cellular response. Factors associated with a negative cellular response at this time point 260 

were: active therapy; treatment with IMIDs, other target therapies and 261 

immunosuppressive agents; low IgA; and low lymphocyte, CD4+, CD8+, CD19+, and 262 

CD56+ cell counts (Figure 3B). 263 

Moreover, 16 patients (7.8%) initially categorized as negative responders became 264 

positive at this time point without clinical or serological evidence of SARS-CoV-2 265 

infection, all of them with negative anti-N antibodies. This subgroup of late cellular 266 

responders was composed predominantly by patients older than 65 years of age (63%) 267 

and with lymphoproliferative malignancies (5 CLL and 5 lymphoma patients).  268 

Humoral and cellular immunogenicity after a third vaccine dose  269 

A third vaccine dose was successful to improve the seroconversion rate from 59.3% to 270 

75.2% (176/234) and increase the median anti-S titer from 456 BAU/mL to >2080 271 

BAU/mL (IQR 289- >2080). Overall, the third vaccine dose achieved a seroconversion 272 

of 42.7% (41/96) of patients without humoral response pre-D3. Regarding the subgroup 273 

of patients that did not have early humoral response post-D2, the third dose attained a 274 

seroconversion in 27.1% (19/70) of them. These patients were diagnosed mainly with 275 

CLL (42% [8/19], most of them (6/8) under BTK treatment) or lymphoma (42% [8/19] of 276 

whom 4 had finished their anti-CD20 therapy close to the initial vaccination scheme but 277 

it was ≥ 6 months prior to the third vaccine dose). In addition, 84.6% (22/26) of patients 278 

that had lost the response at the 6th month post-D2 regained the seropositivity. The 279 

seroconversion after the third dose was mostly attributable to vaccination, of the 16 280 

seronegative patients post-D2 who developed SARS-CoV-2 infection only 5 had 281 

detectable anti-S antibodies and 3 anti-N positive antibodies post-D3. 282 

Factors associated with a lack of humoral post-D3 were: lymphoma as underlying 283 

disease, active treatment, therapy with anti-CD20 antibodies, lymphopenia, 284 



hypogammaglobulinemia and, low CD3+ and CD19+ cell count (Figure 4A), being the 285 

most important factor the anti-CD20 therapy. Thus, 33 out of 58 patients (59.9%) with 286 

absence of seroconversion were receiving active treatment with anti-CD20 antibodies, 287 

and only 2 out of 35 patients (5.7%) under active treatment with these antibodies 288 

achieved a humoral response.  289 

The overall cellular immunogenicity rate remained stable post-D3 with an 84.2% of 290 

responders (176/209). Overall, 14 out of 168 (8.3%) patients previously positive lost their 291 

response post-D3, while 11 out of 30 (36.7%) previous non-responders achieved cellular 292 

response. The cellular responders post-D3 were composed of 4 out of 17 patients 293 

(23.5%) primarily negative post-D2; 2 were lymphoma patients who finished their chemo 294 

immunotherapy ≥ 6 months prior to this third vaccine dose and improved their 295 

lymphocyte count, however the other 2 patients were allo-SCT who developed COVID-296 

19 and also positivized anti-N antibodies. The third dose also regained T-cell   response 297 

in 7 out of 13 (53.8%) patients who lost it at 6 months post-D2, 4 of them where MM 298 

patients and 3 CLL patients, most of them under active therapy. 299 

Factors associated with a negative cellular immune response post-D3 were: absence of 300 

response to therapy with progression or stable hematologic disease, treatment with 301 

GvHD immunosuppressive therapy, treatment with targeted therapies (mainly 302 

venetoclax and daratumumab), lymphopenia and low CD3+, CD4+ and, CD56+ cell 303 

count (Figure 4B).  304 

Importantly, post-D3 only 7.2% (15/209) of the patients lacked both humoral and cellular 305 

vaccine-induced immunogenicity, most of them being lymphoma patients under active 306 

treatment (8/15), mainly with anti-CD20 antibodies (6/8). 307 

Vaccine effectiveness against SARS-CoV-2 infection and severe COVID-19 308 

During a median observation period of 13.8 months from March 2021 to May 2022 (since 309 

administration of the first vaccine dose until 5 months post-D3), 67 out of 270 patients 310 



(24.8%) developed breakthrough SARS-CoV-2 infection despite vaccination, 19.4% 311 

(13/67) of them being asymptomatic. Twenty patients (29.9%) were infected post-D2 312 

(May 2021- December 2021) and 47 patients (70.1%) post-D3 (October 2021-May 313 

2022). Among the symptomatic cases (n=54), 55.6% were diagnosed through rapid 314 

antigen test and 44.4% (24/54) through RT-PCR; regarding the latter, viral sequencing 315 

from 18 cases disclosed that the viral variant was delta in 5 (28%) and omicron in 13 316 

(72%). 317 

Age >65 years (OR 0.56 (95%CI 0.31-0.99); p=0.05) and the development of a positive 318 

serological response post-D2 (OR 0.50 (95%CI 0.28-0.89); p=0.02) resulted associated 319 

with less risk to develop breakthrough SARS-CoV-2 infection.  320 

Most of the infections were mild or moderate according to the WHO severity of illness 321 

scale (71.6%; 48 out of 67). The hospitalization rate in all infected patients was 13.4% 322 

(9/67), 9% (6/67) of patients needed supplemental oxygen and the ICU admission rate 323 

was 4.5% (3/67). The COVID-19 specific therapies administered were remdesivir 324 

(16.4%), steroids (9%), tocilizumab (3%), convalescent plasma (3%) and anti-SARS-325 

CoV-2 monoclonal antibodies (1.5%). 326 

Six out of 67 (9%) patients suffered a severe/critical infection, including 4 patients with 327 

lymphoma, 1 patient with CLL and 1 allo-SCT patient; 5 of them were under active 328 

therapy (3 with anti-CD20 antibodies, 1 with BTK inhibitor and 1 with PI3K inhibitor) and 329 

in therapeutic response. Three cases were infected by omicron variant, 1 by delta variant 330 

and 2 could not be sequenced. It is worth mentioning that none of the severe cases had 331 

developed humoral vaccine response, while 3 out of 6 also did not develop cellular 332 

immunogenicity. Moreover, patients with a severe infection had a weaker cellular 333 

response measured by a lower median IFN-γ production (0.19 IU/ml (IQR 0.02-0.35) vs. 334 

0.35 IU/ml (IQR 0.10-1.24) and lower median anti-S titer (<4.81 BAU/mL (IQR <4.81-335 

30.3)) vs. 788 BAU/mL (IQR 32.11- >2080) in comparison with asymptomatic/mild cases 336 



at the last assessment previous infection. Two out of the 6 patients that developed 337 

severe disease died due to COVID-19.  338 

Finally, 6 out of 39 (15.4%) patients developed a prolonged virus shedding (positive RT-339 

PCR >30 days), 5 of those patients had negative humoral response and 4 had negative 340 

cellular immunogenicity. Three out of those 6 cases (50%) suffered a severe COVID-19.  341 

DISCUSSION 342 

In this prospective longitudinal study, the waning of anti-S titers within 6 months post-D2 343 

of the mRNA-1273 SARS-CoV-2 vaccine was corroborated in a large cohort of patients 344 

diagnosed with hematologic malignancies. Consistent with data from other studies, 345 

patients older than 65 years of age 28,29 or with a CLL diagnosis, 30 (particularly those 346 

under active therapy with BTK inhibitors who initially achieved a quantitatively weaker 347 

humoral response post-D2), were at higher risk of a significant decrease of humoral 348 

immunogenicity, with negativization of an initially positive seroconversion in 23.5% and 349 

32.4% of the cases respectively.  350 

Contrary to the decline in antibodies titers, vaccine-induced cellular immunogenicity 351 

remained more robust and sustained over time in hematologic patients, similarly to 352 

previously described in immunocompetent individuals 31 and convalescent patients, 32, 33 353 

and only 7.49% of cases lost the early initial cellular response 6 months post-D2 .  354 

As previously described by Alimam and Mariotti et al regarding the influenza vaccine, 355 

34,35 we also observed a 7.8% of patients (predominantly elderly patients and those 356 

diagnosed with lymphoproliferative disorders) developing a delayed cellular immune 357 

response pre-D3 that was not achieved at a median of 26 days post-D2. 358 

Concerning the efficacy of booster vaccination, in terms of humoral immunogenicity we 359 

found that a third dose was successful to seroconvert 42.7% (41/96) of negative patients 360 

pre-D3 and produced a meaningful increase in antibody titer. Most of these patients 361 

(26/41) corresponded to those who lost the initial humoral response at 6 months after 362 



two vaccine doses, but it should be mentioned that 27.1% (19/70) of patients without an 363 

initial humoral response post-D2 doses seroconverted too. This rate of seroconversion 364 

in patients with undetectable antibodies following two vaccine doses is similar to the one 365 

described by Herishanu et al in CLL patients (23.8%) 36 and by Terpos et al in patients 366 

with B-cell malignancies (34.5%). 37  Consistently with the findings in these studies,36-37  367 

the main factors related to a poor humoral response after a third vaccine dose were 368 

hypogammaglobulinemia, lymphopenia, low CD19+ cell count, and above all, active 369 

treatment with anti-CD20 monoclonal antibodies. The deleterious effect of anti-CD20 370 

therapy in humoral immunogenicity has also been described by Aiello et al 38 and 371 

Tortorella et al 39 in another immunocompromised population as multiple sclerosis 372 

patients treated with ocrelizumab and failing to achieve seroconversion after booster 373 

SARS-CoV-2 vaccination. 374 

Regarding the cellular response, a third dose was able to develop response in 36.7% 375 

(11/30) of negative patients pre-D3. Similarly to the humoral response, the booster effect 376 

was more evident in patients who lost the initial cellular immunogenicity achieving 377 

response in 53.8% (7 out of 13) of them and only in 23.5% (4 out of 17) of primarily 378 

negative patients post-D2. These rates are consistent to the ones described by Lim et al 379 

40 with an improvement of 50% (6 out of 12) of patients who did not develop cellular 380 

response after the second dose and a sustained cellular response in 94% (16 out of 17) 381 

of initially positive patients. Shapiro et al 41 also observed in a small cohort of 382 

seronegative patients after two doses, a cellular response of 63% (20/27) that improved 383 

with the third dose to 80% (8/10). However, to the best of our knowledge our study is the 384 

first one to provide a longitudinal analysis of the kinetics of cellular immunogenicity in a 385 

large cohort of patients with hematologic malignancies that allowed us to also detect a 386 

negativization of 8.3% (14 out of 168) of cellular responders after the third vaccine dose, 387 

an effect not seen with the humoral response post-D3. Moreover, we were able to identify 388 

factors associated with higher risk of a negative cellular response after three vaccine 389 



doses, including uncontrolled hematologic disease (stable or progressive disease), 390 

treatment for GvHD with immunosuppressive agents, lymphopenia, and low CD3+, 391 

CD4+ and CD56+ cell count.  392 

Our longitudinal characterization of an improved humoral response rate and antibody 393 

titers with a stable T-cell response rate after SARS-CoV-2 booster vaccination is similar 394 

with the kinetics pattern described by Farroni 42 and Aiello et al 38 in other considered 395 

immunosuppressed populations such as multiple sclerosis and rheumatoid arthritis 396 

patients under treatment with different disease-modifying therapies. Interestingly, in 397 

those respective studies, 38, 42 the T-cell specific SARS-CoV-2 response was mainly 398 

driven by CD4+ T-cells, fact that could justify the impact of a pre-vaccination low CD4+ 399 

cell count in the impairment of cellular response found in our study.  400 

Of note, the prospective character of the study allowed us to document the association 401 

between vaccine-induced immunogenicity and the clinical effectiveness and patterns of 402 

infection. We detected 24.8% (67 out of 270) of breakthrough SARS-CoV-2 infections, a 403 

higher rate than the one described by Wang et al (13.4%) 43, Piñana et al (2.6%) 44 and 404 

Salvini et al (8%) 45 probably due to our longer follow-up period that involved the first five 405 

months of 2022 when the Omicron variant became prevalent in European countries and 406 

the detection of asymptomatic cases by anti-N serologic positivization. Similarly, as 407 

described by Salvini and Piñana et al, 44, 45 in our cohort, developing a positive humoral 408 

vaccine-induced immunogenicity post-D2 was significantly associated with a lower risk 409 

of breakthrough SARS-CoV-2 infection while cellular immunogenicity did not have 410 

impact on the incidence of the infection. On the other hand, the lower rate of infection 411 

observed in patients older than 65 years could be related to the fact that older people, 412 

particularly immunocompromised ones are more prone to maintain isolation and self-413 

protective measures. 414 

Notoriously, most breakthrough SARS-CoV-2 infections were asymptomatic (19.4%) or 415 

mild/moderate (71.6%) indicating that vaccination is highly effective at reducing COVID-416 



19 related morbidity and mortality in comparison to pre-vaccine era with rates of 417 

severe/critical COVID-19 of 63.8% and mortality rates around 31.2% in patients 418 

diagnosed with hematologic malignancies. 46  419 

Noteworthy, after a third vaccine dose a subgroup of 7.2% (15/209) of patients still 420 

remains with neither serological nor cellular vaccine-induced immunogenicity. This 421 

subgroup is composed mainly by patients diagnosed with lymphoproliferative 422 

malignancies under active treatment, mostly with immunochemotherapy including anti-423 

CD20 antibodies. Those double negative patients are the ones who predominantly 424 

developed severe/critical COVID-19 as none out of the six severe cases had developed 425 

humoral vaccine response while 3 did not develop cellular immunogenicity either. 426 

Furthermore patients with asymptomatic/mild infection had a stronger cellular response 427 

measured by a higher median IFN-γ production and a higher median anti-S titer at the 428 

last assessment previous infection. Based on our data, cellular immunogenicity plays a 429 

role in decreasing the severity of the infection as previously described by Bange et al 47 430 

in unvaccinated hematologic patients but in some cases is not sufficient to avoid severe 431 

disease in the setting of a compromised humoral immunogenicity.  432 

An impaired vaccine-induced humoral and cellular immunogenicity could also be 433 

associated with persistent virus shedding and prolonged COVID-19, a 15.4% (6/39) of 434 

infected patients in our cohort had positive RT-PCR >30 days and 5 out of the 6 cases 435 

had negative humoral response and 4 had negative cellular response. Data comparable 436 

with the 13.9% described by Lee et al in an unvaccinated cohort of patients diagnosed 437 

with hematologic malignancies. 48  438 

To conclude our results highlight the importance to administer a SARS-CoV-2 booster 439 

vaccine dose to improve the rate of seroconversion and overcome the natural waning of 440 

humoral response, recovering a higher antibody titer in patients with hematologic 441 

malignancies, particularly in patients older than 65 years and continuous treatment with 442 

BTK inhibitors. A booster vaccine dose might also be effective 6-12 months after having 443 



achieved a response of their hematologic disease and having suspended anti-CD20 444 

therapy. Finally, the subgroup of patients without humoral response after a third vaccine 445 

dose would benefit from pre-exposure prophylaxis strategies with anti-SARS-CoV-2 446 

monoclonal antibodies and an early and intensive treatment with antivirals and SARS-447 

CoV-2 monoclonal antibodies should be encouraged in these patients with suboptimal 448 

vaccine-induced immunogenicity at the moment of infection. 49 449 
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FIGURE LEGENDS 625 

Figure 1 Diagram of the study cohort, vaccination schedule and sampled 626 

participants. 627 

Figure 2 The effect of the hematologic disease, specific therapies and status of 628 

treatment on antibody and cellular vaccine responses. A. Longitudinal humoral 629 

response according to hematologic disease. B. Longitudinal cellular response according 630 

to hematologic disease. C. Longitudinal humoral response according to specific 631 

therapies. D. Longitudinal cellular response according to specific therapies. E. 632 

Longitudinal humoral response according to status of treatment. F. Longitudinal cellular 633 

response according to status of treatment.  634 

Abbreviations: Allo-SCT, allogeneic steam cell transplant; CLL, chronic lymphocytic 635 

leukemia; MM, multiple myeloma; CIT, chemoimmunotherapy; IMIDs, 636 

immunomodulatory drugs. 637 

Figure 3 Univariate analysis for persistence of humoral and cellular immunization 638 

rate in patients diagnosed with hematologic malignancies at 6 months after 639 

second vaccine dose. A. Analysis of the baseline characteristics that could confer a 640 

risk to a reduced humoral immunization rate to the mRNA-1273 vaccine according to 641 

ORR. B. Analysis of the baseline characteristics that could confer a risk to a reduced 642 

cellular immunization rate to the mRNA-1273 vaccine according to ORR. 643 

Abbreviations: Allo-SCT, allogeneic steam cell transplant; CLL, chronic lymphocytic 644 

leukemia; MM, multiple myeloma; CR/PR, complete response/partial response; SD/PD, 645 

stable disease/progressive disease; Ch, chemotherapy; BTK, Bruton´s tyrosine kinase; 646 

IMIDs, immunomodulatory drugs; IGG, immunoglobulin G; IGA, immunoglobulin A; IGM, 647 

immunoglobulin M. 648 

Figure 4 Univariate analysis for humoral and cellular immunization rate in patients 649 

diagnosed with hematologic malignancies after a third vaccine dose. A. Analysis 650 



of the baseline characteristics that could confer a risk to a reduced humoral immunization 651 

rate to the mRNA-1273 vaccine according to ORR. B. Analysis of the baseline 652 

characteristics that could confer a risk to a reduced cellular immunization rate to the 653 

mRNA-1273 vaccine according to ORR. 654 

Abbreviations: Allo-SCT, allogeneic steam cell transplant; CLL, chronic lymphocytic 655 

leukemia; MM, multiple myeloma; CR/PR, complete response/partial response; SD/PD, 656 

stable disease/progressive disease; Ch, chemotherapy; BTK, Bruton´s tyrosine kinase; 657 

IMIDs, immunomodulatory drugs; IGG, immunoglobulin G; IGA, immunoglobulin A; IGM, 658 

immunoglobulin M. 659 
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 661 

TABLES 662 

Supplementary table 1. Patients´ baseline demographic and 663 
disease characteristics 664 

Parameter Baseline (N=270) Pre-third 
dose(N=234) 

Age; median (IQR), years 63 (53-71) 63 (53-71) 

Female sex, n (%) 137 (51) 118 (50) 

Underlying disease, n (%) 
 

 

Chronic lymphocytic leukemia, n (%) 52 (19) 44 (19) 

Lymphoma, n (%) 85 (32) 72 (31) 

Multiple myeloma, n (%) 63 (23) 57 (24) 

Allogenic-SCT, n (%) 70 (26) 61 (26) 

Treatment status, n (%) 
 

 

Treatment-naive, n (%) 32 (12) 25 (11) 

On current therapy/<6 months, n (%) 159 (59) 133 (57) 

Off therapy ≥6 months, n (%) 79 (29) 76 (32) 

Type of treatment (current and <6 months), n (%) 
 

 

Chemotherapy, n (%) 9 (6) 5 (4) 

Anti-CD20 monoclonal antibodies +/- 
chemoimmunotherapy, n (%) 

49 (31) 35 (26) 

Bruton´s tyrosine kinase inhibitor, n (%) 32 (20) 25 (19) 

IMIDs, n (%) 31 (19) 31 (23) 

Other target therapies, n (%) 16 (10) 19 (19) 

Immunosuppressive agents for GvHD, n (%) 22 (14) 18 (19) 

Disease status of patients, N (%) 
 

 

Complete response/ Partial response, n (%) 207 (87) 190 (90) 

Stable disease/Progressive disease, n (%) 31 (13) 22 (10) 

Laboratory parameters, median (IQR) 
 

 

Absolute neutrophil count, 109/L 3.8 (2.5-4.8) 3.5 (2.4-4.5) 

Absolute lymphocyte count, 109/L 1.8 (1.2-2.8) 1.9 (1.3-2.9) 

IgG, mg/dL  833 (585-1082) 784 (521-988) 



IgM, mg/dL  45 (27-86) 47 (29-88) 

IgA, mg/dL  135 (60-202) 132 (57-207) 

Absolute CD3+ cell count, 109/L  1.41 (0.93-2.09) 

Absolute CD4+ cell count, 109/L  0.7 (0.44-1.01) 

Absolute CD8+ cell count, 109/L  0.66 (0.38-0.97) 

Absolute CD19+ cell count, 109/L  0.15 (0.01-0.45) 

Absolute CD56+ cell count, 109/L  0.22 (0.13-0.36) 

Basal immunological condition, N (%)   

Lymphopenia (ACL<1.0x 109/L) 39 (13.7) 29 (12.4) 

Neutropenia (ANC<2.0x109/L) 37 (14.4) 37 (16) 

Low IgG (<700 mg/dL) 92 (34) 94 (40) 

Low IgM (<40 mg/dL) 120 (44) 92 (39) 

Low IgA (<70 mg/dL) 79 (29) 67 (29) 

Low CD3+ cell count (<0.7x109/L)  26 (11) 

Low CD4+ cell count (<0.3x109/L)  24 (10) 

Low CD8+ cell count (<0.2x109/L)  18 (8) 

Low CD19+ cell count (<0.1x109/L)  93 (40) 

Low CD56+ cell count (<0.09x109/L)  29 (12) 
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