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Abstract: Background: The urgent need for prompt SARS-CoV-2 immunization of hematopoietic
stem cell transplant (HSCT) recipients in an endemic area raises many challenges regarding selecting a
vaccine platform appropriate for HSCT recipients being economical for widespread use in developing
countries. Methods: The trial is a prospective, single-group, open-label study to investigate the safety
and serologic response of two doses of the recombinant receptor-binding domain (RBD)-Tetanus
Toxoid (TT) conjugated SARS-CoV-2 vaccine (PastoCovac) early after autologous (auto) HSCT. For
this reason, a total of 38 patients who completed the two-dose SARS-CoV-2 RBD-based vaccine
between three to nine months after auto-HSCT and had an available anti-spike serologic test at
three predefined time points of baseline and after the first and second doses and 50 healthy control
individuals were included in the analysis. The primary outcome was defined as an increase in IgG
Immune status ratio (ISR) to the cut-off value for the positive result (≥1.1) in the semiquantitative
test. Findings: The median time between auto-HSCT and vaccination was 127 days. No participant
reported any significant adverse effects (Grade 3). Pain at the injection site was the most common
adverse event. The ISR increased significantly (p < 0.001) during the three-time point sampling for
both patients and healthy control groups. In patients, the mean ISR increased from 1.39 (95% CI:
1.13–1.65) at baseline to 2.48 (1.93–3.03) and 3.73 (3.13–4.38) following the first and second dosages,
respectively. In multivariate analysis, the higher count of lymphocytes [OR: 8.57 (95% CI: 1.51–48.75);
p = 0.02] and history of obtaining COVID-19 infection before transplantation [OR: 6.24 (95% CI:
1.17–33.15); p = 0.03] remained the predictors of the stronger immune response following two doses
of the RBD-TT conjugated vaccine. Moreover, we found that the immunogenicity of the COVID-19
vaccine shortly after transplantation could be influenced by pre-transplant COVID-19 vaccination.
Interpretation: The RBD-TT conjugated SARS-CoV-2 vaccine was safe, highly immunogenic, and
affordable early after autologous transplants. Funding: This work was mainly financed by the
Hematology-Oncology-Stem Cell Transplantation Research Center (HORCSCT) of Tehran University
and the Pasteur Institute of Iran.
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1. Background

A big medical emergency has been declared due to the new coronavirus disease
2019 (COVID-19) caused by the severe acute respiratory syndrome virus (SARS-CoV-2).
Several studies have found that in the context of the COVID-19 pandemic, hematopoietic
stem cell transplant (HSCT) recipients are more likely than the general population to
develop the most severe symptoms of SARS-CoV-2 infection and have a higher fatality
rate [1,2]. Despite the concept that immune responses to vaccination are frequently limited
and unreliable early after HSCT, many scientific societies, notably the European Society
for Blood and Marrow Transplantation (EBMT), recommend immunization as early as
three months following HSCT to elicit early protective immunity in this high-risk patient
population [3,4].

It is also noteworthy that the serological response to the two doses of the SARS-CoV-2
vaccine was significantly reduced within the first few months following HSCT [5–8]; how-
ever, this varies on the kind of HSCT, underline malignancy, or vaccine utilized. There
is no preferred COVID-19 vaccine for transplanted patients. However, mRNA vaccines
(BNT162b2 from Pfizer-BioNTech and mRNA-1273 from Moderna) and adenoviral vector
vaccines (Ad26.COV2.S from Johnson & Johnson and ChAdOx1 from AstraZeneca) were the
most often used vaccine platform in HSCT recipients [5,6].

The alternative vaccine technology, which is based on SARS-CoV-2 protein compo-
nents such as spike protein (S1) and receptor-binding domain (RBD), is the protein subunit
platform, one that has exhibited benefits in terms of safety, immunogenicity, and affordabil-
ity [9]. Available studies indicate that RBD-based SARS-CoV-2 vaccines, such as NovoVax,
Zhifei, and Noora vaccines, provide encouraging results in normal subjects [10–13]. By
coupling RBD to tetanus toxoid (TT), humoral and cellular immune responses were en-
hanced more robustly [14]. Soberana 2 or PastoCovac is a recombinant RBD conjugated to
TT that was developed jointly by the Cuban Finlay Institute (known as Soberana 2) and
the Iranian Pasteur Institute (named PastoCovac) [15]. The vaccine has been approved
for emergency use in Cuba, where it is also licensed for children older than two years. In
addition, emergency use permission for the vaccine has been granted in Iran.

The need for access to an effective and affordable vaccine for HSCT recipients in the
endemic area, we conducted this prospective study to evaluate the safety and immuno-
genicity of two doses of a different vaccine platform (RBD-TT conjugated SARS-CoV-2
vaccine) early after autologous (auto-) HSCT compared to the healthy controls. We also
examined whether recipients’ immune responses to early post-HSCT immunization were
affected by pre-HSCT vaccination, the interval between HSCT and vaccination, and the
basic characteristic of patients.

2. Methods
2.1. Study Design and Participants

Our study is a single-group, open-label clinical trial to evaluate the safety and efficacy
of two doses of the RBD-TT conjugated SARS-CoV-2 vaccine (PastoCovac) in the early
post-transplant period in adult patients undergoing autologous HSCT at the Hematology-
Oncology-Stem Cell Transplantation Research Center (HORCSCT) of Tehran University in
collaboration with the Pasteur Institute of Iran. The study was registered with the Iranian
Registry of Clinical Trials (IRCT20140818018842N23) and ClinicalTrial.gov (NCT05185817).
Recruitment for the trial began in April 2022.

2.2. Inclusion Criteria

Recipients of auto-HSCT, more than 18 years of age, who were transplanted during
the last three to twelve months, with successful neutrophil and platelet engraftment, and
no known history of SARS-CoV-2 infection following HSCT, were all included in the study.
The control group comprised fifty healthy adults without substantial co-morbidities or
immunocompromised conditions.

ClinicalTrial.gov
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2.3. Exclusion Criteria

The exclusion criteria included: recognized SARS-CoV2 infection within the previous
three months, recurring post-HSCT infection, receiving rituximab within the previous six
months, coagulation disorder or severe thrombocytopenia which contravened an intra-
muscular injection, history of an allergic response to the active compounds in the vaccine,
inability to provide consent forms, ongoing graft rejection or relapse of underlying disease.

2.4. Regulatory and Ethical Approval and Written Informed Consent

The trial was performed under the Declaration of Helsinki and Good Clinical Practice.
It was approved by the Ethics Committee of the Hematology-Oncology and Stem Cell
Transplantation Research Center at Tehran University (IR.TUMS.HORCSCT.REC.1400.035).
Each subject provides informed consent to administer the PastoCovac vaccine and collect
blood samples.

2.5. Procedures

The flow chart of study selection was presented in detail in Figure 1. Beginning in
April 2022, seventy auto-HSCT recipients were recruited. Forty-nine participants met
the inclusion criteria and remained in the experiment to get post-HSCT immunization.
The primary causes for screening failure were post-HSCT COVID-19 infection, refusal to
participate, and the use of a different type of vaccination. Consequently, 38 patients who
obtained the two-dose SARS-CoV-2 RBD-based vaccine between three and nine months
after auto-HSCT had an anti-spike serologic test at three-time points of baseline and after
the first and second doses were included in the final analysis.
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Before the first injection and three weeks (±7 days) following each dose of vaccine,
2 mL of the patient’s venous peripheral blood was taken and delivered to the laboratory
to evaluate the immune response by a semiquantitative anti-spike serologic test. The
trained medical staff administered vaccination which consisted of 0.5 mL of vaccine given
intramuscularly in the deltoid region, per manufacturer guidelines. Using the web-based
software of our institution, the researcher creates an electronic case report form (CRF) to
record study data, including baseline characteristics, concomitant drugs, vaccine-related
events, lymphocyte count, and SARS-CoV-2 anti-S1 titers.

As a control group, we enrolled 50 healthy volunteers (22 female, 28 male), with
a mean age of 37.92 (SD = 12.62) and no evidence of SARS-CoV-2 infection before to
immunization, who were vaccinated with two doses of RBD-TT conjugated SARS-CoV-2
vaccine (PastoCovac). Immunity of the vaccinated volunteers was similarly evaluated at
three-time points of baseline and after the first and second doses by a semiquantitative
anti-spike serologic test. These control samples were taken at random from participants in
the PastoCovac Phase 3 study at the Pasteur Institute of Iran.

2.6. Anti-SARS-CoV-2 Antibody Evaluation

The indirect-ELISA ChemoBind SARS-CoV-2 Neutralizing Antibody Test Kit (ChemoBind)
is used to measure vaccine-induced antibody responses against the SARS-CoV-2 spike protein
(anti-S) in both patients and healthy control groups. It evaluates total antibodies against the
receptor-binding domain (RBD) of the Spike protein of SARS-CoV-2 using a semiquantitative
Immunoassay. According to the manufacturer’s instructions, IgG Immune status ratio (ISR)
values of <0.8 is negative, and >1.1 is positive; however, ratios between 0.8 and 1.1 are
ambiguous and should be repeated.

2.7. Outcome

Serologic response at three weeks (±seven days) following the second dose of vac-
cine, defined as an increase in ISR to the cut-off value for the positive result (≥1.1) in
the semiquantitative test, was considered the primary endpoint. Moreover, the strength
of immunity was assessed by categorizing patients with moderate and strong immune
responses after the second dose of the vaccine based on the median level of ISR raising [16].

As a secondary objective, the vaccine’s safety and tolerability were assessed up to
14 days after each dose was administered. Follow-up assessments are being carried out to
evaluate the long-term safety and the stability of the immune response at least six months
following immunization.

2.8. Safety Assessments

All reactogenicity events were recorded for seven days following each vaccination
dosage by noting specific local (pain and redness at the injection site) or systemic (fever,
fatigue, headache, diarrhea, vomiting, muscle pain) side effects described by patients.
According to the Common Terminology Criteria for Adverse Events (CTCAE), all reac-
togenicity events were classified as none/mild (grade 0–1), moderate (grade 2), severe
(grade 3), life-threatening/death (grade 4–5) [17]. Other non-reactogenicity adverse events
were documented until two weeks following each vaccination dose delivery. Throughout
the surveillance period, all vaccinated patients were kept under weekly telephone calls
and at least every other week clinical visit to document any events such as a diagnosis of
COVID-19, cytopenia, or recurrence of primary disease until 20 November 2022.

2.9. Statistical Analysis

All statistical analyses were performed using SPSS statistics software (version 23.0).
Descriptive analysis was reported as mean with standard deviation (SD), median with
interquartile range (IQR) for quantitative variables, and frequency with percent for qualita-
tive variables. The normal distribution of ISRs was checked using the Shapiro–Wilk test.
The Friedman test was used to test antibody titer differences during sampling and between
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groups. Antibody titer was compared between patients and controls for the three-time
point sampling using the Mann–Whitney U test.

We used a logistic regression approach to investigate the predictive impact of selected
baseline clinical parameters and laboratory indicators for strength of serologic response
following the second vaccine dose based on the median level of ISR rising (Subtracting the
baseline value from the post-second dosage yielded the ISR rising). In univariate analysis,
predictors associated with strong immune response (p ≤ 0.20) are then incorporated into
a multivariable logistic regression model using stepwise forward selection. All the tests
were considered two-way, and a p-value < 0.05 was reported as statistically significant. The
graphs were plotted by GraphPad Prism software (Version 8).

3. Results
3.1. Patient Characteristics

In this study, 38 auto-HSCT recipients who obtained two doses of PastoCovac and
three blood samples were qualified to analyze the trial’s primary outcome at this stage of
the trial (Figure 1). The study population included 16 (42.1%) females and 22 (57.9%) males
with a mean (SD) age of 49.00 ± 11.54 at the time of auto-HSCT, respectively. The patients’
most important baseline characteristics and transplant details are presented in Table 1.

Table 1. Serologic response after vaccination based on patients’ characteristics.

Arm Characteristic Number (%)
the Mean (SD) of ISR

Before First
Dose

After First
Dose

After Second
Dose p Value

Control
Healthy Group

Sex
Female 22 (44) 1.92 ± 1.49 2.67 ± 1.77 3.02 ± 1.69

0.89
Male 28 (56) 1.90 ± 1.21 2.81 ± 1.64 3.00 ± 1.51

Age (* Mean in years)
≤40 35 (70) 1.83 ± 1.26 2.83 ± 1.64 3.08 ± 1.43

0.68
>40 15 (30) 2.09 ± 1.50 2.56 ± 1.82 2.85 ± 1.92

Total 50 (100) 1.91 ± 1.33 2.75 ± 1.68 3.01 ± 1.58 —

Auto-HCT
Group

Sex
Female 16 (42.1) 1.40 ± 0.81 2.56 ± 1.65 3.94 ± 2.07

0.82
Male 22 (57.9) 1.37 ± 0.80 2.42 ± 1.71 3.75 ± 1.89

Age (* Mean in years)
≤40 10 (24) 1.48 ± 0.97 2.39 ± 1.61 3.90 ± 2.10

0.78
>40 28 (76) 1.29 ± 0.57 2.47 ± 1.67 3.61 ± 1.70

Background disease
Lymphoma 18 (47.4) 1.29 ± 0.81 2.49 ± 1.72 3.90 ± 2.11

0.87
MM 20 (52.6) 1.47 ± 0.78 2.47 ± 1.67 3.61 ± 1.70

Lymphocyte Count (cells/µL)
<1000 16 (42.1) 1.26 ± 0.48 2.55 ± 1.90 3.14 ± 1.68

0.29
≥1000 22 (57.9) 1.48 ± 0.96 2.43 ± 1.52 4.21 ± 1.95

Pre-HSCT COVID-19 vaccination
Yes 34 (89.5) 1.47 ± 0.80 2.59 ± 1.72 3.93 ± 1.90

0.04
No 4 (10.5) 0.72 ± 0.15 1.49 ± 0.66 2.29 ± 1.12

Pre-HSCT PCR-positive
COVID-19

Yes 21 (55.3) 1.50 ± 0.89 2.83 ± 1.68 4.21 ± 1.80
0.046

No 17 (44.7) 1.25 ± 0.65 2.05 ± 1.60 3.20 ± 1.91

Median (range) time between
HSCT and Vaccination in days

<130 19 (50) 1.44 ± 0.87 2.29 ± 1.49 3.58 ± 1.87
0.56

≥130 19 (50) 1.34 ± 0.73 2.67 ± 1.67 3.93 ± 1.96

Total 38 (100) 1.39 ± 0.79 2.48 ± 1.67 3.75 ± 1.89 —

Total 88 1.68 ± 1.15 2.63 ± 1.67 3.33 ± 1.75 —

ISR, Immune Status Ratio; HSCT, hematopoietic stem cell transplant; MM, multiple myeloma. * The mean age of
40 was related to the total population (Patients and controls).

The main indication for auto-HSCT was multiple myeloma (MM) (52.6%) and lym-
phoma (47.4%). Peripheral blood was the graft source in all auto-HSCT recipients. The
conditioning regimen was Melphalan for MM, and BEAM included Carmustine (BCNU),
Etoposide, Ara-C, and Melphalan for lymphoma.
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Our results showed the median (range) interval of 127 (90–271) days between auto-
HSCT and the first dose and 32 (21–42) days between the first and the second doses. 21
(55.3%) of 38 HSCT recipients had a history of getting PCR-positive COVID-19 before
transplantation. Most HSCT recipients (34 of 38) had received a conventional COVID-19
vaccination course before transplantation, as shown in Table 1.

3.2. Serological Outcomes

The mean ISR before the first dose of the vaccine was 1.39 (95% CI: 1.13–1.65) for
auto-HSCT recipients and 1.91 (95% CI: 1.54–2.29) for healthy control people, indicating
that 23 of 38 (60.5%) patients and 32 of 50 (64%) healthy volunteers had baseline ISR levels
above the threshold for a positive result in the semiquantitative test. Figure 2 depicts
a scatter plot of the SARS-CoV-2 IgG Immune status ratio (ISR) in patients and healthy
controls over three time points. Figure 2 shows that the ISR was comparable between
patients and healthy controls at each time point sampling.
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in 38 auto-HSCT recipients and 50 healthy controls.

After receiving the first and second doses, the mean ISR significantly increased compared
to the baseline, reaching 2.47 (95%CI: 1.93–3.03) and 3.75 (95%CI: 3.13–4.38) (p < 0.001) in
the auto-HSCT recipients and 2.75 (95%CI: 2.27–3.23) and 3.01 (95%CI: 2.56–3.46) (p < 0.001)
in the healthy controls. As a result, the rate of seropositive tests rose to 81.6% and 93.3% in
auto-HSCT recipients, as well as 90% and 96% in the healthy controls.

As depicted in Table 1, the mean (SD) ISR was compared between the three-time
points of sampling. The values of ISR were higher in patients with a history of pre-HSCT
PCR-positive COVID-19 (p = 0.046) and those who had received the pre-HSCT COVID-19
immunization (p = 0.040). However, no significant difference was demonstrated between
age groups (≤40 vs. >40 years), sex groups, primary disease, the time interval between
HSCT and vaccination (≤130 vs. >130 days), and baseline lymphocyte count (<1000 vs.
≥1000 cell/µ).

Compared to the baseline, two vaccine doses raised ISR by an average of 2.37
(SD: 1.92) in auto-HSCT recipients. As previously noted, we categorized patients with
moderate and strong immune responses based on the value of ISR rising.
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The logistic regression analysis of strong immune response predictors following the
second dose of vaccine is presented in Table 2. In multivariate analysis, the higher count of
lymphocytes [OR: 8.57 (95% CI: 1.51–48.75); p = 0.02] and history of getting COVID-19 before
transplantation [OR: 6.24 (95% CI: 1.17–33.15); p = 0.03] remained the two independent
positive predictors of the strong immune response following the second dose of vaccine.

Table 2. Univariate and Multivariate logistic Regression analysis of immunogenicity after two doses
of the SARS-CoV-2 vaccine.

Effect
Univariate Multivariate

Unadjusted OR (95% CI) p Value Adjusted OR (95% CI) p Value

Patients Age (≥50.5 vs. <50.5) 0.80 (0.22–2.95) 0.74

Patients Sex (Male vs. Female) 1.83 (0.47–7.07) 0.37

Background disease (Lymphoma vs. MM) 0.67 (0.18–2.49) 0.55

Pre-HSCT PCR-positive COVID-19 (Yes vs. No) 3.58 (0.87–14.65) 0.07 6.24 (1.17–33.15) 0.03

Pre-HSCT COVID-19 vaccination (Yes vs. No) 0.14

Lymphocyte counts at vaccination (≥1000 vs. <1000) 5.20 (1.15–23.54) 0.03 8.57 (1.51–48.75) 0.02

Time between HSCT and Vaccination Median in Days
(≥130 vs. <130) 1.95 (0.52–7.31) 0.32

OR, odds ratio; CI, confidence interval; ISR, Immune status ratio; HSCT, hematopoietic stem cell transplant; MM,
Multiple Myeloma.

Up to this stage of the ongoing trial and at a median follow-up of 165 (range 87–225) days
from the second dose of vaccination till the last contact, five PCR-documented COVID-19
infections were reported among the patients who received the two doses of the post-HSCT
vaccine, which presented with mild respiratory symptoms.

3.3. Safety

Data on vaccine-related adverse events are shown in Figure 3. No serious adverse
events (≥Grade 3) were reported according to the CTCAE in any participant. The most
frequent adverse event was pain at the injection site. Adverse events after the second dose
were slightly more than those after the first dose in both types of HSCT. This study recorded
no non-reactogenicity-related events until two weeks after each vaccine dose administration.
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4. Discussion

We prospectively investigated the safety and serologic response of a new SARS-
CoV-2 vaccine platform (RBD-TT conjugated SARS-CoV-2 vaccine) early after autologous
transplants, compared to the control group, for the first time. Interestingly, 23 of 38 (60.5%)
patients had positive anti-S1 ISR before vaccination despite a negative history of COVID-19.
This finding concords with two recent studies in post-HSCT patients reported by Shah,
G.L et al. and Majcherek M et al. [18,19] and could be explained by asymptomatic or mild
COVID-19 before vaccination.

Following the first and second vaccine doses, 81.6% and 93.3% of all patients had
positive ISR tests, respectively; our findings are consistent with those [20,21], who found
a seroconversion rate of more than 90% after the second vaccine dosage in auto-HSCT
recipients. It should be mentioned, however, that the median time between HSCT and
immunization was longer in most previous trials than in ours. According to a meta-analysis,
after two doses of COVID-19 vaccinations, the seropositive proportion for auto-HSCT
patients was 81.9% (CI 95%; 64.3–91.9) [6].

Despite the short time between auto-HSCT and vaccination, the high seropositivity
could be partially attributed to the structure and chemistry of our vaccine, as protein-
conjugated antigens are more immunogenic than unconjugated antigens in HSCT pa-
tients [22]. According to Pao M et al. (2008), tetanus toxoid-conjugated vaccine platform
and polysaccharide-protein conjugates (for example, Haemophilus influenzae type B vac-
cine) have a significant influence on immunological responses early after HSCT [23]. The
conjugation of RBD to TT has been discovered to enhance cellular and humoral immune
responses [14,15].

Because COVID-19 is prevalent in our area, most patients were vaccinated or naturally
infected before HSCT. This may have led to the persistence of anti-SARS-CoV-2 antibodies in
the early post-HSCT period and even better immune response to SARS-CoV-2 vaccination
after HSCT. Our result supported this issue, exhibiting that pre-HSCT PCR positivity
COVID-19 (p = 0.046) and pre-HSCT COVID-19 vaccination (p = 0.040) were associated
with a higher serologic response to immunization early after transplantation.

The predictive value of pre-HSCT COVID-19 infection on stronger immune response
was documented in the multivariate model. Consistently, the recent publication shows that
prior infection significantly contributes to SARS-CoV-2-specific immunity and increases
vaccination responses in a non-immunosuppressed cohort [24] and individuals over 80 [25].
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We also found that pre-transplant COVID-19 vaccination would improve the immune
response to post-HSCT SARS-CoV-2 vaccination. Along with our findings, Jullien M et al.
showed the durability of anti-SARS-CoV-2 antibodies up to 9 months post-transplant in
recipients who were immunized before HSCT [26]. In conclusion, contrary to existing guide-
lines [27], our findings support the concept of contemplating anti-SARS-CoV-2 vaccination
before auto-HSCT.

In contrast to several previous studies [19,20,28,29], in which the time elapsed after
HSCT was shown to be the most important factor determining the response, we found no
correlation between the interval from transplant to immunization and seroconversion. The
discrepancy may be explained by the fact that most recent studies enrolled patients over
a wide range of time intervals between HSCT and vaccination. In contrast, our patients
were vaccinated between 3 and 9 months following HSCT. Additionally, we discovered
that a higher lymphocyte count (OR: 8.57, p = 0.02) appeared to be a reliable, independent
positive predictor of a profound immunological response after the second dose of the
vaccine [19,29,30].

Our study is constrained by the limited sample size and single-center design. We could
not accurately estimate the antibody level using the semiquantitative test. Due to the lack
of a validated assay to detect SARS-CoV-2-specific T-cell responses following vaccination,
we were thus unable to evaluate cellular immunity.

5. Conclusions

Our findings indicate, for the first time to our knowledge, that the RBD-TT conjugated
SARS-CoV-2 vaccine (PastoCovac) has shown significant safety and immunogenicity im-
provements after HSCT. Moreover, given that the RBD-TT conjugated SARS-CoV-2 vaccine
could be manufactured and made more affordable on a large scale, these vaccines have
become more relevant for underdeveloped countries. Our findings support the concept
of contemplating anti-SARS-CoV-2 vaccination of recipients before HSCT; however, con-
sidering the limited number of patients in our research group, this conclusion should be
regarded with care.
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Wałecka-Zacharska, E.; Zacharski, M.; Mańkowska-Cyl, A.; et al. The Differences in the Level of Anti-SARS-CoV-2 Antibodies
after mRNA Vaccine between Convalescent and Non-Previously Infected People Disappear after the Second Dose—Study in
Healthcare Workers Group in Poland. Vaccines 2021, 9, 1402. [CrossRef]

17. U.S. Department of Health and Human Service. Common Terminology Criteria for Adverse Events (CTCAE) Common Terminology
Criteria for Adverse Events (CTCAE) v5.0. 2017. Available online: https://www.meddra.org/ (accessed on 5 November 2021).

18. Shah, G.L.; DeWolf, S.; Lee, Y.J.; Tamari, R.; Dahi, P.B.; Lavery, J.A.; Ruiz, J.D.; Devlin, S.M.; Cho, C.; Peled, J.U.; et al. Favorable
outcomes of COVID-19 in recipients of hematopoietic cell transplantation. J. Clin. Investig. 2020, 130, 6656–6667. [CrossRef]

19. Majcherek, M.; Matkowska-Kocjan, A.; Szymczak, D.; Karasek, M.; Szeremet, A.; Kiraga, A.; Milanowska, A.; Kuznik, E.; Kujawa,
K.; Wrobel, T.; et al. Two Doses of BNT162b2 mRNA Vaccine in Patients after Hematopoietic Stem Cell Transplantation: Humoral
Response and Serological Conversion Predictors. Cancers 2022, 14, 325. [CrossRef]

20. Attolico, I.; Tarantini, F.; Carluccio, P.; Schifone, C.P.; Delia, M.; Gagliardi, V.P.; Perrone, T.; Gaudio, F.; Longo, C.; Giordano, A.;
et al. Serological response following BNT162b2 anti-SARS-CoV-2 mRNA vaccination in haematopoietic stem cell transplantation
patients. Br. J. Haematol. 2021, 196, 928–931. [CrossRef]

http://doi.org/10.1038/s41375-021-01302-5
http://www.ncbi.nlm.nih.gov/pubmed/34079042
http://doi.org/10.1016/S2352-3026(20)30429-4
http://www.ncbi.nlm.nih.gov/pubmed/33482113
https://www.ebmt.org/covid-19-and-bmt
http://doi.org/10.1038/s41409-020-0919-0
http://www.ncbi.nlm.nih.gov/pubmed/32404975
http://doi.org/10.1186/s13045-022-01300-9
http://www.ncbi.nlm.nih.gov/pubmed/35710431
http://doi.org/10.1186/s40164-022-00299-6
http://doi.org/10.1016/j.jtct.2022.01.019
http://doi.org/10.1182/bloodadvances.2021006917
http://doi.org/10.1146/annurev-med-042420-113212
http://doi.org/10.1016/j.eclinm.2022.101383
http://doi.org/10.1056/NEJMoa2107659
http://doi.org/10.1016/S1473-3099(21)00127-4
http://doi.org/10.1002/jmv.28097
http://doi.org/10.1021/acschembio.1c00272
http://doi.org/10.1016/j.vaccine.2022.05.082
http://doi.org/10.3390/vaccines9121402
https://www.meddra.org/
http://doi.org/10.1172/JCI141777
http://doi.org/10.3390/cancers14020325
http://doi.org/10.1111/bjh.17873


Vaccines 2023, 11, 117 11 of 11

21. Salvini, M.; Maggi, F.; Damonte, C.; Mortara, L.; Bruno, A.; Mora, B.; Brociner, M.; Mattarucchi, R.; Ingrassia, A.; Sirocchi, D.; et al.
Immunogenicity of anti-SARS-CoV-2 Comirnaty vaccine in patients with lymphomas and myeloma who underwent autologous
stem cell transplantation. Bone Marrow Transplant. 2021, 57, 137–139. [CrossRef]

22. Harris, A.E.; Styczynski, J.; Bodge, M.; Mohty, M.; Savani, B.N.; Ljungman, P. Pretransplant vaccinations in allogeneic stem
cell transplantation donors and recipients: An often-missed opportunity for immunoprotection? Bone Marrow Transplant. 2015,
50, 899–903. [CrossRef]

23. Pao, M.; Papadopoulos, E.B.; Chou, J.; Glenn, H.; Castro-Malaspina, H.; Jakubowski, A.A.; Kernan, N.; Perales, M.A.; Prokop, S.;
Scaradavou, A.; et al. Response to Pneumococcal (PNCRM7) and Haemophilus Influenzae Conjugate Vaccines (HIB) in Pediatric
and Adult Recipients of an Allogeneic Hematopoietic Cell Transplantation (alloHCT). Biol. Blood Marrow Transplant. 2008,
14, 1022–1030. [CrossRef] [PubMed]

24. Prendecki, M.; Clarke, C.; Brown, J.; Cox, A.; Gleeson, S.; Guckian, M.; Randell, P.; Dalla Pria, A.; Lightstone, L.; Xu, X.N.;
et al. Effect of previous SARS-CoV-2 infection on humoral and T-cell responses to single-dose BNT162b2 vaccine. Lancet 2021,
397, 1178–1181. [CrossRef] [PubMed]

25. Parry, H.; Tut, G.; Bruton, R.; Faustini, S.; Stephens, C.; Saunders, P.; Bentley, C.; Hilyard, K.; Brown, K.; Amirthalingam, G.; et al.
mRNA vaccination in people over 80 years of age induces strong humoral immune responses against SARS-CoV-2 with cross
neutralization of P.1 Brazilian variant. eLife 2021, 10, e69375. [CrossRef] [PubMed]

26. Jullien, M.; Coste-Burel, M.; Clemenceau, B.; Letailleur, V.; Guillaume, T.; Peterlin, P.; Garnier, A.; Le Bourgeois, A.; Imbert, B.;
Ollier, J.; et al. Anti-SARS-CoV-2 vaccines in recipient and/or donor before allotransplant. eJHaem 2022, 3, 484–487. [CrossRef]

27. Cordonnier, C.; Einarsdottir, S.; Cesaro, S.; Di Blasi, R.; Mikulska, M.; Rieger, C.; de Lavallade, H.; Gallo, G.; Lehrnbecher, T.;
Engelhard, D.; et al. Vaccination of haemopoietic stem cell transplant recipients: Guidelines of the 2017 European Conference on
Infections in Leukaemia (ECIL 7). Lancet Infect. Dis. 2019, 19, e200–e212. [CrossRef]

28. Tamari, R.; Politikos, I.; Knorr, D.A.; Vardhana, S.A.; Young, J.C.; Marcello, L.T.; Doddi, S.; Devlin, S.M.; Ramanathan, L.V.; Pessin,
M.S.; et al. Predictors of Humoral Response to SARS-CoV-2 Vaccination after Hematopoietic Cell Transplantation and CAR T-cell
Therapy. Blood Cancer Discov. 2021, 2, 577–585. [CrossRef]

29. Piñana, J.L.; López-Corral, L.; Martino, R.; Montoro, J.; Vazquez, L.; Pérez, A.; Martin-Martin, G.; Facal-Malvar, A.; Ferrer, E.;
Pascual, M.; et al. SARS-CoV -2-reactive antibody detection after SARS-CoV-2 vaccination in hematopoietic stem cell transplant
recipients: Prospective survey from the Spanish Hematopoietic Stem Cell Transplantation and Cell Therapy Group. Am. J.
Hematol. 2021, 97, 30–42. [CrossRef]

30. Canti, L.; Humblet-Baron, S.; Desombere, I.; Neumann, J.; Pannus, P.; Heyndrickx, L.; Henry, A.; Servais, S.; Willems, E.; Ehx, G.;
et al. Predictors of neutralizing antibody response to BNT162b2 vaccination in allogeneic hematopoietic stem cell transplant
recipients. J. Hematol. Oncol. 2021, 14, 174. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1038/s41409-021-01487-4
http://doi.org/10.1038/bmt.2015.49
http://doi.org/10.1016/j.bbmt.2008.06.012
http://www.ncbi.nlm.nih.gov/pubmed/18721765
http://doi.org/10.1016/S0140-6736(21)00502-X
http://www.ncbi.nlm.nih.gov/pubmed/33640037
http://doi.org/10.7554/eLife.69375
http://www.ncbi.nlm.nih.gov/pubmed/34586068
http://doi.org/10.1002/jha2.398
http://doi.org/10.1016/S1473-3099(18)30600-5
http://doi.org/10.1158/2643-3230.BCD-21-0142
http://doi.org/10.1002/ajh.26385
http://doi.org/10.1186/s13045-021-01190-3

	Background 
	Methods 
	Study Design and Participants 
	Inclusion Criteria 
	Exclusion Criteria 
	Regulatory and Ethical Approval and Written Informed Consent 
	Procedures 
	Anti-SARS-CoV-2 Antibody Evaluation 
	Outcome 
	Safety Assessments 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Serological Outcomes 
	Safety 

	Discussion 
	Conclusions 
	References

