
Reduced immunogenicity of a third COVID-19 vaccination 
among recipients of allogeneic hematopoietic stem cell 
transplantation
Previous allogeneic hematopoietic stem cell transplanta-
tion (allo-HSCT) is a risk factor for severe COVID-19 with 
mortality rates that may exceed 20%.1,2 The efficiency of 
two doses of mRNA-based COVID-19 vaccines is re-
portedly lower in allo-transplanted patients than in 
healthy controls with rates of seronegativity or failure to 
seroconvert in 15-31%.3-6 In a study of allo-transplanted 
patients with insufficient responses to two doses of the 
BNT162b2 (Pfizer-BioBTech) mRNA vaccine, only 48% of 
patients reached a putative threshold (4,160 arbitrary units 
[AU]/mL, corresponding to 590 World Health Organization 
[WHO] standard binding antibody units [BAU]/mL) of im-
munoglobulin G (IgG) against the receptor-binding domain 
of the spike 1 (S1) protein (anti-RBD) following a third vac-
cine dose.7 
Forty recipients of allo-HSCT for hematological malig-
nancies were identified in local transplant registries of the 
Region Western Götaland (population of approximately 1.7 
million) and accepted participation in this sub-study 
within the DurIRVac study (clinicaltrials gov. Identifier: Eu-

draCT no. 2021-000349-42) at the Sahlgrenska University 
Hospital. All participants gave written informed consent 
before enrolment. The DurIRVac study was approved by 
the Swedish Ethical Review Authority (permit no. 2020-
03276, 2021-00374 and 2021-00539) and by the Swedish 
Medical Products Agency (permit no. 5.1-2021-11118). All 
patients fulfilled national criteria from the Public Health 
Agency of Sweden (www.folkhalsomyndigheten.se) for re-
ceiving a third dose namely: (i) having undergone trans-
plantation within 3 years or (ii) having ongoing 
immunosuppressive treatment for graft-versus-host-dis-
ease (GvHD). The European Society for Blood and Marrow 
transplantation (EBMT) guidelines for COVID-19 vaccina-
tion were also followed (www.ebmt.org, version 6.0, May 
31, 2021). Three patients were excluded based on pre-
viously confirmed COVID-19. All enrolled patients (n=37) 
had received two doses of COVID-19 mRNA vaccine ≥8 
weeks prior to screening.  
The median time from transplantation to the third vacci-
nation was 23 months (min-max 6-191). Twenty-one (57%) 

 

Anti-RBD IgG in serum T-cell reactivity (S1-γ)

Positive  
(≥14 BAU/mL)

Negative  
(<14 BAU/mL) P-value1 Positive  

(≥10 pg/mL IFN-γ)
Negative  

(<10 pg/mL IFN-γ) P-value2

All patients5 (n=37) 31 (84 %) 6 (16%)  19 (51 %) 18 (48 %)  

Vaccine (Pfizer/Moderna) 21/10 3/3  13/6 7/11  

Age in years at vaccination 
median (range)

60 (19-78) 63 (32-72)  64 (19-70) 60 (26-78)  

Median days between dose 2 and 
3 (range)

123 (56–157) 139 (127–174) 0.013 123 (74-149) 127 (56-174)  

Median months from allo-HSCT, 
(range)

26 (6–188) 19 (13–191)  22 (7-188) 30 (6-191)  

Ongoing IST6 (yes/no) 20/11 5/1  9/10 15/3 0.0464

Ongoing prednisone (yes/no) 16/15 2/4  12/7 13/5 0.034

1,2All comparisons refer to patients responding or not responding to third dose vaccination by anti-RBD IgG or SARS-CoV-2-specific T-cell re-
activity. 3MannWhitney U-test. 4Chi-square test. 5Patients had received allogenic HSCT for acute myeloid leukemia (n=15 patients), acute lym-
phoblastic leukemia (n=4), myelodysplastic syndrome (n=5), myelofibrosis (n=4), chronic myeloid leukemia (n=4), atypical chronic myeloid 
leukemia (n=1), myeloma (n=1), chronic lymphocytic leukemia (n=1), Hodgkin disease (n=1), and STAT-1 immune deficiency (n=1). 6Immunosup-
pressive therapy comprising prednisone (n=20 patients), photopheresis (n=5), ibrutinib (n=4), ruxolitinib (n=5), photopheresis (n=5), dasatinib 
(n=2), cyclosporine (n=2), daratumumab (n=1), imatinib (n=1), carfilzomib (n=1), and/or ponatinib (n=1). allo-HSCT: allogeneic hematopoietic 
stem cell transplantation; BAU: binding antibody untits; IgG: immunoglobulin G; S1: spike 1 protein; IST: immunosuppressive therapy; IFN-g: 
interferon-g.

Table 1. Patient and treatment characteristics by responders and non-responders to the third dose of mRNA vaccine.
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of participants had chronic GvHD and 25 (68%) received 
immunosuppressive therapy (IST) at the time of vaccina-
tion (Table 1). Patients were given the same vaccine as in 
their initial two doses, i.e., either BNT162b2 (Pfizer-BioB-
Tech Comirnaty®; n=24) or mRNA-1273 (Moderna Spik-
evax®; n=13) at a median 127 days (min-max 56-174) after 
the second dose. Peripheral blood was collected immedi-
ately before and 4 weeks (median 24 days, range, 19-30) 
after the third vaccination. Patients completed a ques-
tionnaire 2 weeks after the third dose to assess side-ef-
fects, categorized according to the CTCAE (common 
terminology criteria for adverse events) standards. Sever-
ity of GvHD was additionally assessed from medical rec-
ords.  
Chemiluminescent microparticle immunoassays were per-
formed on serum using the automated Alinity system for 
analysis of IgG antibodies against RBD (SARS-CoV-2 IgG II 
Quant, Abbott, Illinois, USA) with levels reported in the 
WHO international standard BAU/mL (quantitative detec-
tion range, 14-5,680 BAU/mL), which correlate well with 
neutralizing antibody levels.8 In order to assess T-cell re-
sponses 1 mL of peripheral blood, collected in heparinized 
tubes, was stimulated with peptides spanning the N-ter-
minal spike 1 (S1) domain of the SARS-CoV-2 surface gly-
coprotein. After 2 days of incubation at 37°C plasma was 
recovered for analysis of interferon-g (IFN-g) by enzyme-
linked immunosorbant assay (ELISA). This assay captures 
SARS-CoV-2-specific reactivity of CD4+ and CD8+ T cells 
with high specificity and sensitivity.9 S1-induced IFN-g pro-
duction is presented with levels in unstimulated samples 
subtracted using a limit of detection of 10 pg/mL. Statistical 
analyses were performed using SPSS statistical software 
package (version 24) or GraphPad Prism software (version 
9). 
The majority (31/37, 84%) of allo-HSCT patients responded 
to the third dose vaccination by increased anti-RBD IgG 
levels (Figure 1A). A subgroup (12/37, 32%) achieved very 
high antibody levels (>5,680 BAU/mL). However, among the 

14 patients seronegative prior to the third dose vaccination, 
six (42%) remained seronegative 4 weeks after the third 
vaccine dose (Figure 1A). All patients who were seropositive 
before the third dose (23/37, 62%) achieved antibody re-
sponses exceeding 100 BAU/mL, a level above which has 
been proposed to provide protection against COVID-19.10 
The characteristics of responders and non-responders to 
the third vaccine dose are detailed in Table 1. No significant 
differences in serological responses were noted among pa-
tients with or without chronic GvHD or ongoing IST. 
Regarding T-cell immune response, 18 of 37 (49%) were 
devoid of measurable responses 4 weeks after the third 
vaccination (Figure 1B). T-cell responses tended to be 
lower in patients with chronic GvHD and were significantly 
diminished in patients receiving IST, in particular among 
those receiving prednisone (Table 1). Seronegativity prior 
to the third dose predicted poor humoral and cellular re-
sponses after vaccination. Treatment with IST was associ-
ated with insufficient T-cell responses, more so than time 
from transplantation. Furthermore, four of five (80%) of 
patients on ruxolitinib showed no T-cell reactivity. Of note, 
among the 14 patients who were seronegative for anti-
RBD IgG prior to the third dose, 11 (79%) also lacked a T-
cell response after three vaccine doses, compared with 
seven of 23 (30%) among those seropositive prior to the 
third dose (P<0.01, chi-square test). Seronegativity prior 
to the third vaccination was non-significantly associated 
with ongoing GvHD (9/14 vs. 12/23 in seropositive patients) 
and IST (10/14 vs. 15/23). Additionally, a lower fraction of 
patients mounted SARS-CoV-2 specific T-cell responses 
than developed anti-RBD IgG after three vaccinations 
(P<0.01, chi-square test). Of six patients who remained se-
ronegative after three vaccine doses, five (83%) were also 
devoid of specific T-cells. Vaccine-reported adverse 
events were observed in 15 (41%) patients after the third 
dose, with the majority of these categorized as mild local 
injection-related reactions. No exacerbations of GvHD 
were noted. 

Figure 1. Serological and virus-specific T-cell responses to the 
spike 1 protein receptor region of SARS-CoV-2 before and after 
the third dose of of COVID-19 vaccines in allo-transplanted pa-
tients. (A) Shows serum levels of immunoglobulin G (IgG) against 
the receptor-binding domain (RBD). (B) Shows interferon-g (IFN-
g) production in supernatant plasma following stimulation of 
whole blood with spike 1 peptides, reflecting reactivity of SARS-
CoV-2-specific T cells. The upper dotted line represents the cut-
off value of 590 binding antibody units [BAU]/mL (i.e., 
corresponding to 4,160 Abbott Arbitrary Units [AU]/mL) while the 
middle dotted line corresponds to 100 BAU/ml and the lower 
dotted line represents the limit of detection (LOD) for respective 
assay. Statistical comparison by Wilcoxon matched pairs test 
(n=37). P-values are two-sided and are designated as follows: 
**P<0.01, ****P<0.0001.

A B

 Haematologica | 107 - June 2022   
1480

LETTER TO THE EDITOR



The main findings in this study were that a significant 
fraction of allo-transplanted patients failed to produce 
anti-RBD IgG (16%) and that 48% of patients did not 
mount measurable SARS-CoV-specific T cells despite 
three vaccinations. Our results confirm and extend a pre-
vious report of insufficient anti-RBD responses among 
allo-transplanted patients7 to imply that the inherent and 
treatment-induced T-cell deficiency associated with allo-
transplantation may translate into lack of COVID-19 mRNA 
vaccine efficacy. The interval between dose 2 and 3 was 
longer among patients remaining seronegative following 
the third dose, implying that a shorter interval between 
vaccinations may improve responses. 
Our results additionally suggest that the SARS-CoV-2-
specific T-cell response to vaccination is more affected 
than the humoral response among allo-transplanted pa-
tients, based on the finding that a significantly higher 
fraction of patients showed complete deficiency of T-cell 
responsiveness to SARS-CoV-2-derived peptides com-
pared with those remaining seronegative. Using the same 
T-cell assay, we have previously shown that 13 of 13 (100%) 
of healthy donors developed detectable T-cell responses 
4 weeks after the second SARS-CoV-2 vaccine dose.11 No-
tably, 35% of allo-transplanted patients lacked T-cell re-
activity against S1 peptides despite mounting anti-RBD 
IgG. The clinical relevance of the observed T-cell defi-
ciency remains to be established.  
In conclusion, the third dose of COVID-19 mRNA vaccine 
resulted in elevated antibody titres and measurable SARS-
CoV-2-S1 T-cell responses in many allo-transplanted pa-
tients. However, a substantial proportion of patients did not 
respond by antibody formation and/or SARS-CoV-2-specific 
T cells, highlighting the need for additional preventive 
measures and continued vigilance in this cohort. 
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