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Introduction: Vaccination against severe acute respiratory syndrome
coronavirus type 2 (SARS-CoV-2) is approved and recommended for
immunocompromised patients such as patients after allogeneic stem cell
transplantation (allo-SCT). Since infections represent a relevant cause of
transplant related mortality we analyzed the advent of immunization to SARS-
CoV-2 vaccination in a bicentric population of allogeneic transplanted patients.

Methods: We retrospectively analyzed data of allo-SCT recipients in two German
transplantation centers for safety and serologic response after two and three
SARS-CoV-2 vaccinations. Patients received mRNA vaccines or vector-based
vaccines. All patients were monitored for antibodies against SARS-CoV2-spike
protein (anti-S-1gG) with an IgG ELISA assay or an EIA Assay after two and three
doses of vaccination.

Results: A total of 243 allo-SCT patients underwent SARS-CoV-2 vaccination.
The median age was 59 years (range 22-81). While 85% of patients received two
doses of mMRNA vaccines, 10% had vector-based vaccines and 5% received a
mixed vaccination. The two vaccine doses were well tolerated with only 3%
patients developing a reactivation of graft versus host disease (GvHD). Overall,
72% of patients showed a humoral response after two vaccinations. In the
multivariate analysis age at time of allo-SCT (p=0.0065), ongoing
immunosuppressive therapy (p= 0.029) and lack of immune reconstitution
(CD4-T-cell counts <200/ul, p< 0.001) were associated with no response. Sex,
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intensity of conditioning and the use of ATG showed no influence on
seroconversion. Finally, 44 out of 69 patients that did not respond after the
second dose received a booster and 57% (25/44) showed a seroconversion.

Discussion: We showed in our bicentric allo-SCT patient cohort, that a humoral
response could be achieve after the regular approved schedule, especially for those
patients who underwent immune reconstitution and were free from
immunosuppressive drugs. In over 50% of the initial non-responders after 2-dose

vaccination, a seroconversion can be achieved by boostering with a third dose.

KEYWORDS

COVID 19-vaccination, humoral response, allogeneic stem cell transplantation, SARS-
CoV-2 antibodies, vaccine, booster, SARS-CoV-2-vaccination

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV2) is
a challenging health issue especially in immunocompromised
individuals. The introduction of effective vaccinations, monoclonal
antibodies and anti-viral treatment, together with the spread of less
hazardous variants has eased the current scenario in many parts of
the world (1). However, patients with hematological malignancies,
especially after allogeneic stem cell transplantation (allo-SCT), are
still at a higher risk of developing severe courses of the disease or of
presenting a long-lasting infection, potentially difficult to eradicate (2,
3). These conditions could both directly and indirectly increase the
mortality risk associated with SARS-CoV2 infection, especially as
compared with the general population. In this context, the promotion
of immunization against the virus is of central importance.

Vaccination with newly developed mRNA vaccines (BNT162b2
and mRNA-1273), adenovirus vector-based vaccines (ChAdOx1
and JNJ-78436735) and protein-based vaccines (Nuvaxovid) against
SARS-CoV-2 are approved and strongly recommended in
hematological patients, also in the post allo-SCT setting. The
European Society of Blood and Bone Marrow Transplantation
(EBMT) recommends the vaccination for transplanted patients as
early as 3 months after allo-SCT in the absence of active acute or
chronic graft versus host disease (GvHD) and depending on the
actual infectious scenario (4, 5). Full vaccination consists of a 2-dose
vaccination of a SARS-CoV2 vaccine at least three weeks apart. The
two dose schedule was applied to all patients until September 2021,
when the third dose or “booster” vaccination was suggested by the
German Vaccination Commission (Stindige Impfkommission,
STIKO). A second booster vaccination is already recommended
for the immunocompromised or elderly patient group since August
2022 (6, 7). So far, transplanted patients were mostly included in
cohorts of hematological malignancies at high-risk for developing
no immune response after SARS-CoV-2 vaccination. Furthermore,
most of the published cohorts were monocentric and/or with fewer
than 100 patients (8-11). The subset of allo-SCT-patients was also
often described together with solid organ transplanted patients,
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even though these patients have other risk factors for not
developing seroconversion as compared allo-SCT-patients (12,
13). Reported responses vary between 69-89% after standard
immunization in allo-SCT patients after receiving an mRNA
vaccine (8-17). A systematic review of the available data
regarding the serologic response after two doses of SARS-CoV2
vaccines in the post allo-SCT setting reveals a significantly reduced
humoral response rate in this population of immunocompromised
patients (18). In addition, data of humoral responses after booster
vaccination, especially for initial non-responder allo-SCT patients,
are scarce with only small cohorts published (19-23).

Since infections represent a relevant cause of transplant-related
mortality and the risk factors impairing the development of a
humoral response after allo-SCT are not completely defined, the
aim of the present work was to analyze the potential involved
predisposing factors for the lack of humoral response after SARS-
CoV-2 vaccination in a bicentric population of allogeneic
transplanted patients.

Materials and methods

We performed a bicentric retrospective study evaluating a total
of 243 patients undergoing allo-SCT for different hematological
diseases and receiving two and three (booster) SARS-CoV-2
vaccinations during the post-transplant follow-up. Patients were
transplanted between 1991 and 2021 at the Bone Marrow
Transplantation Units of the University Hospitals of Ulm and
Berlin (Germany). The study was approved by the local ethic
committees on 03/2022. All patients had given written consent
before transplant for data collection for future research in
accordance with the Declaration of Helsinki. Data cut-off was on
02/2022. We considered as inclusion criteria for the present analysis
(1): confirmed diagnosis of malignant and non-malignant
hematological disorder requiring transplant; (2) adult age (> 18
years); (3) performed allo-SCT from any of the following donors:
sibling (SIB), matched unrelated donor (MUD), mismatched
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unrelated donor (MMUD), haploidentical donor (HAPLO); (4)
vaccination against SARS-CoV-2 (at least two doses, third
vaccination as booster vaccination was also evaluated). No
restriction was applied according to the type of vaccination. All
evaluated patients received either mRNA vaccines, like BNT162b2
or mRNA-1273, or the vector-based vaccines ChAdOx1 and JNJ-
78436735. We excluded patients with a history of COVID 19
infection or patients presenting uncontrolled acute or chronic
GvHD and/or uncontrolled infections from the analysis. All
patients were monitored after vaccination at regular time-points
for the development of antibodies against SARS-CoV2-spike
glycoprotein (anti-S-IgG) with an IgG ELISA assay (Euroimmun)
or an EIA Assay (Roche). The first controls were performed at least
14 days after the second vaccination and then again at least 14 days
after the booster vaccination. At the time point of data cut off for the
present analysis, only a portion of patients received the booster or
third vaccination, due to timing issues, but also since the third
vaccination was not officially recommended for
immunocompromised patients before September 2021 in
Germany by the STIKO (6).

Definitions

We considered specific variables as potential risk-factors
implied in determining the development of a proper immunity
against SARS-CoV-2 after vaccination: intensity of conditioning
regimen, the presence of immunosuppression, the advent of
immune reconstitution and the occurrence of GvHD in the
previous medical history. An ongoing immunosuppressive
treatment was considered as an indirect indicator for controlled
GVHD (acute or chronic), especially in case of patients that
received the vaccination more than 6 months after allo-SCT.
Considering the first variable, conditioning regimen,
myeloablative conditioning (MAC) and reduced intensity
conditioning (RIC) were defined as previously described (24)
Immune reconstitution of T-cells was defined as > 200/pl CD4+
T-cells in peripheral blood at two different time-points measured
at least one month apart. The role of B-cells through monitoring
of CD19+ cells in blood at regular intervals was also analyzed. We
used Immunophenotyping/Fluorescence Activated Cell Sorting
(FACS) to determine numbers of B- and T-cells. The analysis
was performed on peripheral blood samples. T cells were defined
as the CD3+ population, with a further differentiation in CD3
+CD4+ and CD3+CD8+, while B cells were defined as the CD19+
population.The presence of immunosuppression was defined as
the need for prophylaxis or treatment of GvHD. The GvHD
prophylaxis usually consisted of a combination of calcineurin-
inhibitors (cyclosporin A or tacrolimus) and mycophenolate
mofetil, with the addition at least of corticosteroids in case of
GvHD requiring systemic immune suppressive treatment. The
presence or the development of GvHD before or after vaccination
was analyzed. The staging of acute GvHD (aGvHD) was
performed according to the 1994 Consensus Conference on
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Acute GvHD Grading (25), while the grading of chronic GvHD
(cGVHD) was performed according to the NIH Consensus Criteria
(26, 27).

Immunogenity against SARS-CoV-2

We used two different assays in order to measure the humoral
response against SARS-CoV2-spike glycoprotein after vaccination
in the serum of our patients. The EUROIMMUN test system was
based on an ELISA immune assay and delivered semi-quantitative
IgG-glycoprotein levels with a cut off for antibody detection above
0,8 U/ml. The sensitivity and specificity were 94,4% and 99,6%
respectively (28). Quantitative levels of the IgG S1 glycoprotein
were performed by an EIA Roche immune assay with the same cut
off of 0,8 U/ml and a sensitivity and specificity of 98,8% and 99,9%
respectively (29). In a comparative study both tests showed a
similarly high specificity on the same samples without a
substantial decrease in diagnostic sensitivity. This analysis offers
the basis for the comparability of the results of these two different
immune assays (30).

The detection of antibodies above the test-specific level at least
14 days after the second and third vaccination was considered as
development of humoral response.

Statistical analysis

The statistical analysis was performed using the statistical
software environment R, version 4.1.3. A descriptive overview for
the variables considered in the present study is given by median and
range for continuous variables and count and percentage for
categorical variables. A multivariable logistic regression model
was used to evaluate the effect of explanatory variables on
development of a humoral response after vaccination. Odds ratios
are reported with 95% confidence intervals. Explanatory factors
considered in the multivariable analysis are the following covariates:
age at the time of transplant, sex, conditioning regimen, ATG use,
T-cell immune reconstitution (CD3+CD4+ cells), B-cell counts
(CD19+ cells), ongoing immunosuppressive therapy, and time
from transplantation to vaccine. In this last case we evaluated
three different time-points for dichotomization in order to
identify the more suitable timing for vaccination: 6 months, 12
months and 18 months after allo-SCT.

Results
Patient characteristics

We evaluated 243 patients after allo-SCT who underwent
SARS-CoV-2 vaccination between 03/2021 and 02/2022. All

patients were treated in two stem cell transplantation centers in
Germany, Ulm University Hospital (n=146) and Charité Berlin
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(n=97) and neither had a previously known COVID 19 infection
nor an immunization against SARS-CoV2. The median age in our
cohort was 59 years (range 22-81), 44% of patients were female.
Acute myeloid leukemia was the most common diagnosis leading to
allo-SCT accounting for 44% (n=107) of all patients.
Myeloproliferative disorders, Myelodysplastic Syndromes, Non-
Hodgkin Lymphomas, Acute lymphoblastic Leukemia and others
were represented in the cohort in 16%, 15%, 13%, 10% and 2%
respectively. The vast majority of patients (95%) had undergone the
first allogeneic stem cell transplantation, 4% received the second
transplantation and one patient was transplanted three times. The
most represented donor type was MUD, accounting for 66% of
transplantations, followed by SIB (22%), MMRD (10%) and
haploidentical donor (2%). Reduced intensity conditioning was
used in 53% of the cases, while 46% were treated with MAC prior
to transplant. No patient underwent allo-SCT after a non-
myeloablative conditioning. Anti-thymocyte globulin was used in
86% of all transplantations. Immune reconstitution had taken place
in 64% of all patients. The median time from transplant to first
vaccination was 750 days (range 40-10,566 days) with 27% (n=65)
of the patients having been vaccinated within one year after
transplantation. Only two patients were vaccinated less than 3
months after allo-SCT, 40 days and 71 days respectively. Both
were vaccinated at German vaccination centers in the course of the
vaccination campaign for frail people based on their own wish and
risk. In these two cases, immune reconstitution was not
documented prior to vaccination and no GVHD following SARS-
CoV-2-vaccination was observed.

The median Follow up for all patients after the first vaccine was
300 days (range 84-408).

Patients’ characteristics are listed in Table 1.

Type of vaccination and time point of
vaccination after allo-SCT

Eighty-three % of patients received two doses of BNT162b2,
10% received ChAdOx1-S and 2% were vaccinated with two doses
of mRNA-1273 respectively. Only one patient had the single dose of
JNJ-78436735 vaccine and finally the rest of the patients (5%)
received a mixed vaccination, mostly ChAdOx1-S followed by an
mRNA-vaccine. One hundred and nineteen patients (49%) received
a third vaccination as booster at the time-point of data cut-off. The
third vaccination was performed with BNT162b2 and mRNA-1273
in 88% and 12% of cases respectively. No patient had the adenovirus
vector-based vaccination as third vaccination. We evaluated 4
different time points considering the first vaccination after allo-
SCT: first vaccination in less than 6 months, which was
administered in a minority of patients (n=19, 8%), first
vaccination between 6 and 12 months in n=46 cases (19%), first
vaccination between 12 and 18 months in n=29 cases (12%) and
finally first vaccination at >18 months for 149 patients
(61%) respectively.
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TABLE 1 Patient characteristics (n=243).

Variable \ %
Sex
Male 135 56%
Female 108 44%
Age (years)
Median, range 59 22-81
Diagnosis
AML 107 44%
MDS 37 15%
ALL 23 10%
MPN 38 16%
NHL 32 13%
other 6 2%
Donor type
SIB 53 22%
MUD 160 66%
MMUD 24 10%
HAPLO 6 2%

Conditioning Regime

RIC 129 53%
MAC 114 47%
Vaccination

BNT162b2 201 83%
mRNA-1273 5 2%

ChAdOx1-S 25 10%
JNJ-78436735 1 0,4%
Mixed Vaccination 11 4,6%

Antibody test (SARS-CoV2-Spike glycoprotein)
Roche EIA 158 65%
EUROIMMUN ELISA 85 35%

Time from transplant to first vaccination

median, range (days) 750 40-10.566
Time from second/third vaccination to test
second vac. (median, range (days)) 42 5-159
third vac. (median, range (days)) 41 6-151

AML, Acute myeloid leukemia; MDS, Myelodysplastic Syndrome; ALL, Acute lymphatic
leukemia; MPN, Myeloproliferative Neoplasia; NHL, Non-Hodgkin Lymphoma; SIB, Sibling
Donor; MUD, Matched unrelated Donor; MMUD, Mismatched unrelated Donor; HAPLO,
Haploidentical Donor; RIC, Reduced intensity conditioning; MAC, Myeloablative
conditioning; EIA, Enzymimmunoassay; ELISA, Enzyme-Linked Immunosorbent Assay;
Vac, Vaccination.
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Safety profile

Considering the safety profile in our population, we observed a
reactivation of chronic GVHD 3 weeks after vaccination in 7 out of 243
patients (3%). Six out of 7 patients developed a reactivation of a
previously diagnosed chronic GvHD after the second dose of
BNT162b2 vaccination. The other patient showed a reactivation of
c¢GVHD after 2 doses of ChAdOx1-S. In 2 out of 7 cases we had a new
onset after an already resolved cGvHD, in most cases (5/7) we
observed an aggravation of an ongoing and at the time point of
vaccination controlled ¢cGvHD. No patient presented a newly
diagnosed form of GvHD, either acute or chronic, that could have
been timely associated with the occurrence of SARS-CoV-2
immunization. Only one patient suffered from a perimyocarditis
after the second vaccination with BNT162b2, which resolved with a
course of anti-inflammatory treatment. The patient did not receive a
third vaccination. Other grade 3 or higher toxicities were not observed.

10.3389/fimmu.2023.1174289

Serologic response

Overall, 72% of patients showed seroconversion after two
vaccinations. In detail, we found a humoral response rate in the
cohort from the University Hospital in Ulm of 73% and 70% in the
Berlin-Charite cohort. Antibody testing was performed in median
42 days (range 5-159 days) after the second vaccination dose and in
median 41 days after the third dose (range 6-151 days). The
seroconversion rate increased to 80% in 103 patients that received
a third vaccination and were available for antibody testing.

In the subgroup of initial non-responders after double
vaccination (n=69), 44 patients had a third vaccination, which
was not a standard during the data capture time in Germany.
Vaccination was performed within a median interval between the
second and third dose of 173 days (range, 14-285 days). We found
seroconversion in 25 patients of the 44 evaluable patients (57%). A
descriptive analysis is shown in Figure 1.

A B
Overall Response after 2" 3" vaccination for
inati Non-Responders
100% _ vaccination 100% P
=
B a0 80% |
9]
z 60% 60% |
o
g 40% 40% |
A 0,
< 20% 20%
0% 0% -
Berlin Ulm Total N =44
N=146 N=97 N=243
c Age D Immunosuppression
100% 100%
(=
.g 80% 80%
“:i 60% 60%
3 40% 40% 78%
5] 57%
9D 20% 20%
ES
0% 0%
<40y 40-60 y >60y : no Immunosupp.
o = o mmunosupp.
N=31 N=101 N=111 N=164 =79
E Time from SCT to vaccination F Immunoreconstitution
100% _ 100%
=
S 80% 80% |
[}
E 60% 60%
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S 40% a0% | IR
(7]
X 20% 20% 4 48%
0% 0% -
<6 6-12 1218 >18 >200/ul <200/ul
Months CD4+count CD4+count
N=19 N=46 N=29 N=149 N=147 N=80

FIGURE 1

Seroconversation rate in (A) the total study cohort after basic vaccination (2 dosages), (B) in patients not responding after the second vaccination
receiving a third booster vaccination. Seroconversion rate after basic vaccination according to (C) patient age, (D) ongoing immunosuppressive
therapy, (E) time interval from allo-SCT to 1. vaccination in months, and (F) immunoreconstition after allo-SCT.

Frontiers in Immunology

05

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1174289
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Hutter-Krénke et al.

Analysis of risk factors

In the multivariable logistic regression, age at transplantation
(odds ratio [OR] = 0.96, p=0.0065) and ongoing
immunosuppressive therapy at the time-point of second
vaccination (OR = 0.45, p= 0.029) correlated with lower response
rates after two vaccine doses. Immune reconstitution was associated
with better serologic response (OR 4.28). Sex, intensity of
conditioning and the use of ATG in the preparing regimen
showed no influence on the development of a serologic response
after vaccination.

We also analyzed the role of the time interval between allo-SCT
and vaccination considering three different time points (+6 months,
+ 12 months and + 18 months) as potential independent risk
factors. No strong correlation was detected between the time after
allo-SCT and the probability to get a specific immune response
against SARS-CoV-2, even if in the descriptive analysis a trend for a
better serologic response rate at late time-points was observed
(Figure 1E). The results of the multivariable logistic regression
analysis are shown in Figure 2.

Discussion

We evaluated a cohort of 243 patients after allo-SCT
undergoing SARS-CoV-2 vaccination after transplant from two
German transplantation centers. Seroconversion was

demonstrated in 72% of patients after two courses of vaccination

Age at allo-SCT (one year increase) » 0.96
Sex

female (n=108) 0

male (n=135) - 1.30

Conditioning regime

RIC (n=129) ¢

MAC (n=114) e 1.20
ATG use

no (n=33) ¢

yes (n=210) e - 0.62

Immunoreconstitution
no (n=80) ]
yes (n=147; missing n=16)

Immunosuppression
ongoing no (n=164) S
ongoing yes (n=79) o 0.45

Vaccination >18 months

since allo-SCT

no (n=94) ?

yes (n=149) T 1.73

Odds Ratio

FIGURE 2

Multivariable logistic regression analysis of variables influencing
seroconversation after two SARS-CoV2 vaccinations in allo-SCT
patients. allo-SCT, allogeneic stem cell transplantation; ATG, anti-
thymocyte globulin; RIC, reduced intensity conditioning; MAC,
myeloablative conditioning.
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and increased to almost 80% after the third booster vaccination.
These findings are in line with previous studies: humoral response
after two vaccinations varied in studies from 69-89% (8-11, 13-15)
with the fast majority of humoral response rates between 70-80%. In
most studies however, the cohorts were much smaller with fewer
than 100 allo-SCT patients. Results on the third vaccination show
seroconversion of >=80% (19-23).To our knowledge four
comparable published cohorts evaluated a homogeneous data set
of cohorts over 100 allo-SCT patients (31, 32). Data from the largest
published multicenter study shows the most comparable
seroconversion rate of 78% after two vaccinations in 687
transplanted patients from 15 centers in France (31). Pabst et al.
showed an almost similar response rate of 81% in their cohort of
167 allo-SCT patients (33). The booster-effect of the third
vaccination in our study led to a 56% seroconversion in initial
non-responders and is slightly higher than the 41% seroconversion
reported in the French study (31). This finding highly supports
repetitive booster immunizations in vulnerable patient cohorts. For
patients who do not respond to a second booster vaccination a pre-
exposition prophylaxis with monoclonal antibodies should be
considered (5).

Considering the safety aspects, with a special focus on
messenger-RNA vaccines, as adenovirus vector-based vaccines
were not largely represented in our population, we observed an
advantageous tolerability profile, with only 3% reactivation of
c¢GvHD in our cohort. This is less than the incidence seen in
other studies evaluating SARS-CoV2immunization in patients
after allo-SCT, even though the median time between allo-SCT
and vaccination was longer in the study from Pabst et al, being 3.3
years compared to 2 years in our study (33). Kimura et al. evaluated
95 double vaccinated patients after allo-SCT and found a higher rate
of 7,6% GvHD-reactivation, which is well explained by the fact that
54% of the patients were within the first year after allo-SCT (22). In
our cohort less than one third of all patients had a time interval
between transplantation and vaccination of <12 months.

Taking into consideration the humoral response in the post
transplantation setting and the potential risk factors accounting for
a lack of adequate response, we demonstrated in the multivariate
analysis that humoral response to SARS-CoV-2 vaccination was
significantly dependent on age at transplantation with worse
response rates in the elderly population, the eventually ongoing
immunosuppressive therapy and most of all the status of immune
reconstitution, especially concerning the T-cell subpopulation of
CD3+CD4+ T-cells. We could not find a significant correlation with
the development of a humoral immunity after vaccination and the
number of CD19+ cells, potentially also due to the only partial
completeness of this subset of data in the analyzed cohorts. Other
studies found that cellular and humoral immune defects, either
because of ongoing immunosuppressive medication or as a
consequence of allo-SCT are one of the most significant adverse
requisites for not developing humoral response to SARS-CoV-2
vaccination (18).

We also analyzed the role of the time interval between allo-SCT
and vaccination, considering different time-points: +6-, + 12- and +
18 months after allo-SCT. In contrast to other studies, we could not
find a strong correlation between the time after allo-SCT and the
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probability of getting a specific humoralresponse against SARS-
CoV-2. This potentially suggests that time since transplantation
alone might not be an independent factor when adjusted for other
important factors, like the number of CD4 T-cells and/or the
concomitant administration of immunosuppressive drugs. On the
other hand, our cohort probably still does not have a sufficient
number of patients to identify a significant difference in serologic
response between the time points., Especially when taken in
consideration that the majority of patients (61%) in our
population was vaccinated after month + 18 post allo-SCT, with
the remaining patients heterogeneously distributed in smaller
groups in the other time points. To further confirm the reliability
of our findings regarding feasibility and humoral response to SARS-
CoV-2 vaccination andin respect to potential risk factors, our
findings were separately validated in the two different
subpopulations of patients transplanted in two different centers in
Germany. Limitations of the present analysis are the retrospective
design with a heterogeneous population and the absence of a
healthy control group. We also used two different tests for
determining serologic response and, although the tests are
comparable (30), it confers a further element of heterogeneity to
our data. Furthermore, prior COVID 19 infection was only
determined on a clinical and anamnestic basis.

In summary, the high seroconversion rates and low toxicity
observed in our study strongly encourages repetitive vaccinations of
allo-SCT patients with highest effects seen after the advent immune
reconstitution, in younger patients and patients off
immunosuppressive therapy.
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