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Introduction: Our goal was to study whether influenza vaccination induced antibody
mediated rejection in a large cohort of solid organ transplant recipients (SOTR).

Methods: Serum anti-Human Leukocyte Antigen (HLA) antibodies were determined
using class I and class II antibody-coated latex beads (FlowPRATM Screening Test) by
flow cytometry. Anti-HLA antibody specificity was determined using the single-antigen
bead flow cytometry (SAFC) assay and assignation of donor specific antibodies (DSA)
was performed by virtual-crossmatch.

Results: We studied a cohort of 490 SOTR that received an influenza vaccination
from 2009 to 2013: 110 (22.4%) received the pandemic adjuvanted vaccine, 59 (12%)
within the first 6 months post-transplantation, 185 (37.7%) more than 6 months after
transplantation and 136 (27.7%) received two vaccination doses. Overall, no differences
of anti-HLA antibodies were found after immunization in patients that received the
adjuvanted vaccine, within the first 6 months post-transplantation, or based on the
type of organ transplanted. However, the second immunization dose increased the
percentage of patients positive for anti-HLA class I significantly compared with patients
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with one dose (14.6% vs. 3.8%; P = 0.003). Patients with pre-existing antibodies
before vaccination (15.7% for anti-HLA class I and 15.9% for class II) did not increase
reactivity after immunization. A group of 75 (14.4%) patients developed de novo anti-
HLA antibodies, however, only 5 (1.02%) of them were DSA, and none experienced
allograft rejection. Only two (0.4%) patients were diagnosed with graft rejection with
favorable outcomes and neither of them developed DSA.

Conclusion: Our results suggest that influenza vaccination is not associated with graft
rejection in this cohort of SOTR.

Keywords: cytomegalovirus, alloreactivity, donor specific antibodies, anti-human leukocyte antigen,
organ rejection

INTRODUCTION

Annual influenza vaccination is the most efficacious method in
reducing influenza complications inducing an optimal antibody
response in solid organ transplant recipients (SOTR) (1–7),
although with lower titers than those in the general population
(8). However, a percentage of SOTR, ranging from 1 to 47%, did
not respond adequately to influenza vaccine immunization, either
with an insufficient antibody response to vaccination or from
developing influenza infection after vaccination (9, 10). Different
strategies can be used to increase vaccination efficacy such as the
use of an adjuvanted vaccine that has been demonstrated to be
safe inducing a protective immune response in SOTR (11, 12).
Our group demonstrated that having detectable antibody titers
at vaccination improves the response to vaccination in SOTR
supporting the administration of a booster dose of the influenza
vaccine (13, 14), that was later demonstrated to be safe and
effective inducing an increased antibody response in a clinical
trial (15).

Despite the demonstrated efficacy of the influenza vaccination
in SOTR, different authors have suggested that exposure to
influenza antigens through vaccination could directly activate
alloreactive T and B cells (activating heterologous innate
immunity) (12, 13). Influenza vaccination can induce antibody
mediated rejection by increasing donor specific anti-human
leukocyte antigen (HLA) antibodies (DSA) (16–20). Recognition
of donor HLA in the graft by recipient’s T cells can stimulate
allograft rejection by the activation of a pro-inflammatory
response that includes the activation of B cells producing
DSA that can be associated with the development of chronic
allograft injury (21, 22). In addition, using strategies to increase
vaccination efficacy (high-dose vaccines, booster doses, and
adjuvanted vaccines) may contribute to increased allograft
rejection and graft dysfunction.

However, the available results concerning this issue are scarce.
Danziger-Isakov et al. in 2010 observed an increase in cellular
alloimmunity that was not translated into rejection in a study
including 17 transplant recipients (23). Similarly, a patient
awaiting kidney transplantation was documented with a specific
alloreactive kidney cell-specific response after a live attenuated
varicella vaccination (24). Regarding the humoral response, in
a study including 42 kidney transplant recipients that received
a single dose of a pandemic H1N1 ASO3 adjuvanted vaccine,

it was reported that de novo DSA and non-DSA anti-HLA
antibodies developed in five cases (11.9%), not linked to acute
rejections (25). In another study including two cohorts of 92
and 59 kidney transplant recipients that received one dose of
the seasonal influenza and two doses of the AS03-adjuvanted
H1N1 vaccine, respectively, the incidence of de novo anti-HLA
antibodies was very similar: 17.3 and 11.9%. However, two of
these patients (10%) presented thrombotic microangiopathy and
humoral rejection, within the next 6 months after vaccination,
partly attributed to the development of anti-HLA antibodies
(26). However, no events of rejection or de novo anti-HLA
antibodies were observed in a study including 66 kidney
transplant recipients that received trivalent influenza vaccines
(27). A recent study has shown no cross-reactivity between
HLA class I and II and several virus-specific human monoclonal
antibodies, suggesting that the emergence of anti-HLA antibodies
in the setting of viral infections or vaccination may be due
to bystander activation or dormant HLA specific B cells (28).
Our group has demonstrated that administering the influenza
vaccine 1 month post-transplantation is safe and efficacious (14),
reporting no episodes of rejection, however, we did not address
the de novo synthesis of DSA.

Based on these results, it would be necessary to conduct
large cohort studies in order to explore and clarify the safety
of vaccination and its relationship with the induction of DSA
and allograft rejection in SOTR. Thus, the aim of this study
was to determine whether influenza vaccination induces antibody
mediated rejection in SOTR.

MATERIALS AND METHODS

Patient Inclusion
A multicenter, prospective, longitudinal study of consecutive
SOTR receiving the influenza vaccines during four consecutive
influenza seasons: 2009–2010, 2010–2011, 2011–2012, and
2012–2013 was carried out. Patients were included from the
following 12 Spanish hospitals. Virgen del Rocío (Seville), Reina
Sofía (Córdoba), 12 de Octubre (Madrid), Gregorio Marañón
(Madrid), Ramón y Cajal (Madrid), Vall d’Hebron (Barcelona),
Bellvitge University (Barcelona), Clinic Hospital (Barcelona),
Cruces (San Vicente de Barakaldo), La Fe (Valencia), Virgen
Macarena (Seville), and Marqués de Valdecilla (Santander),
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all participating in the Spanish Network for the Research in
Infectious Diseases (REIPI).

Patients were excluded if they were less than 16 years old,
received the transplant less than 1 month ago, had allergies to
any of the vaccine components, developed acute rejection 15 days
before vaccination, or were pregnant. In patients vaccinated
from 2009 to 2012, serum samples were collected at vaccination
(baseline) and 5 weeks later. Patients from 2012 to 2013 season
came from the TRANSGRIPE clinical trial (15) that randomly
received either one or two doses of the vaccine 5 weeks apart.
In both arms, serum samples were collected at baseline, 5 weeks,
10 weeks, and 1 year after vaccination. Patients were followed-up
for 10 months to record possible adverse events, including events
of influenza disease.

Vaccines
Patients from 2009 to 2010 season received the 2009 (H1N1)pdm
monovalent MF59-adjuvanted vaccine containing the strain:
A/California/7/2009-H1N1 (Focetria, Novartis, Siena, Italy).
Patients from 2010 to 2011 and 2011 to 2012 seasons received
the trivalent non-adjuvanted inactivated vaccine (Gripavac,
Sanofi-Pasteur MSD, Madrid, Spain) containing the strains:
A/California/7/2009-H1N1, A/Perth/16/2009-H3N2, and
B/Brisbane/60/2008. Patients from 2012 to 2013 season
were randomly assigned to received one or two doses of the
trivalent non-adjuvanted inactivated vaccine (Mutagrip, Sanofi-
Pasteur MSD) with the strains: A/California/7/2009-H1N1,
A/Victoria/361/2011-H3N2, and B/Wisconsin/1/2010.

Clinical Parameters and Definitions
Baseline characteristics, immunological and clinical response,
and adverse effects, including graft rejection and mortality, were
recorded. Follow-up clinical parameters were collected using
a standardized questionnaire. Graft rejection was confirmed
histologically if biochemical or functional abnormalities were
detected. Vaccinated patients included all individuals who had
received the seasonal influenza vaccine in the previous year or
any vaccine in the previous month. Rejection was defined using
the Banff criteria (29). Adverse events were assessed according to
established criteria (30).

HLA Determination
We first carried out a sample screening to determine the presence
of anti-HLA antibodies in serum using class I and class II
antibody-coated latex beads (FlowPRATM Screening Test, One
Lambda, Inc., Canoga Park, CA, United States) by flow cytometry
according to the manufacturer’s instructions. A doubling of
the PRA percentage at any time point after vaccination from
baseline or a 10% increase was considered a positive alloantibody
response, and we used single antigen beads to assess for specificity
of the alloantibody for positive responses. On the serum samples
in which anti-HLA class I and/or class II antibodies were detected
in the screening, the specificity of the anti-HLA antibodies
was determined using the single-antigen bead flow cytometry
(SAFC) assay (Lifecodes LSATM class I, LSA1, and/or class
II, LSA2, Tepnel). Phycoerythrin-conjugated goat anti-human
IgG antibody was used as a secondary antibody. Samples were

analyzed on a Life Match fluoroanalyzer using Luminex 100
IS v 2.3 as software for data acquisition and Quicktype for
Lifematch as analysis software. Positive and negative control
sera and beads were included in each test. For validation, all
controls met the manufacturer’s specifications. To determine if
an individual bead was recognized by a serum sample, only the
Median Fluorescent Intensity (MFI) raw value was considered.
A sample was considered positive to a specific bead when the MFI
raw value was greater than 1500.

Assignation of DSA (Virtual
Crossmatches): Donor HLA Typing
Samples of all deceased donors were routinely typed before
recipient selection in loci HLA-A∗, B∗, and DRB1∗ using
the PCR-specific sequence primers (SSPs) system (AllSetTM
Gold HLA-A, HLA-B, and HLA-DR Low Resolution SSP kits;
Invitrogen Ltd., Paisley, United Kingdom). If antibodies against
HLA-C, DQ, or DP were detected by SAFC in a pre-transplant
patient serum, the donor HLA genotype was performed in the
corresponding locus using a PCR-SSP system (AllSetTM Gold
HLA-C and HLA-DQ Low Resolution SSP kits and AllSetTM
Gold HLA-DPB1 High resolution SSP kit; Invitrogen Ltd). High
resolution typing was performed if it was necessary to establish
whether the anti-HLA antibodies were DSA (SSP Gold High
resolution kits; Invitrogen Ltd), determining whether SAFC
detected anti-HLA antibodies in a particular patient were DSA
comparing with donor HLA typing.

Influenza Virus Microneutralization
Assays
Microneutralization assays were performed as previously
described (8, 14).

Statistical Analysis
A descriptive statistical analysis was performed. Continuous
variables were expressed as median and interquartile ranges.
Rates of positive patients for anti-HLA class I and II were
compared using the McNemar or Chi square tests and the
Bonferroni correction was applied when appropriate. The
multivariate logistic regression analysis of factors potentially
associated with anti-HLA response included significant variables
in the bivariate analyses and those clinically relevant variables
(time from transplantation to influenza vaccination, type of
transplant, and the number of doses of influenza vaccine
administered). For immunogenicity analysis geometric mean
antibody titer and the T-Student test were used. Results
were analyzed by PASW Statistic 18.0.1 software. Statistical
significance was established as a p-value <0.05.

RESULTS

Patient Cohort
A total of 490 SOTR were included in the study, 110 (22.4%)
patients received the 2009 (H1N1)pdm adjuvanted vaccine,
and 380 (77.6%) received a non-adjuvanted seasonal influenza
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TABLE 1 | Patient baseline characteristics and comorbidities.

Variables Total n = 490

Male- n (%) 315 (64.3)

Age (median, IQR) 56.0 (46–63)

Type of transplant

Kidney- n (%) 143 (29.2)

Liver- n (%) 155 (31.6)

Heart- n (%) 95 (19.4)

Lung -n (%) 92 (18.8)

Combined-n (%) 5 (1.0)

Immunosuppressive therapy

Tacrolimus- n (%) 340 (69.4)

Mycophenolate mofetil-n (%) 366 (74.7)

Cyclosporine- n (%) 106 (21.6)

mTOR inhibitors- n (%) 65 (13.3)

Comorbidities- n (%)

Chronic liver disease- n (%) 47 (9.6)

Diabetes mellitus- n (%) 133 (72.9)

Chronic heart disease- n (%) 99 (20.2)

Chronic kidney disease- n (%) 68 (8.8)

Hypogammaglobulinemia- n (%) 20 (4.1)

Median time since transplantation-months (IQR) 36.5 (12.0–90.1)

Previous season influenza vaccination- n (%) 360 (73.4)

Data are presented as n (%) unless otherwise indicated, IQR, interquartile range.

vaccine. A subgroup of 266 patients receiving the non-adjuvanted
vaccine, were randomized to receive one dose; 130 (48.8%), or
two doses; 136 (51.2%). Additionally, of the 490 SOTR, 59 (12%)
were immunized within the first 6 months post-transplantation,
and 431 (88%) after 6 months. Baseline characteristics and
clinical parameters of the cohort are described in Table 1. The
median age of the cohort was 56 years (IC range 46–63) and the
liver was the most frequent transplanted organ (31.6%). As an
immunosuppressive regime, most patients (91%) had calcineurin
inhibitors (69.4% tacrolimus and 21.6% cyclosporine) and 74.7%
mycophenolate mofetil. Most patients (73.4%) had received the
influenza vaccine the previous flu-season.

Anti-HLA Antibody Response
For all 490 SOTR, anti-HLA antibody response was screened
before vaccination (baseline) and 5 weeks after each dose. At
baseline, 79 of the patients (15.7%) were positive for anti-HLA
class I antibodies and 78 (15.9%) for anti-HLA class II antibodies.
None of the patients with pre-existing antibodies had an increase
in reactivity after vaccination. The proportion of patients with
positive anti-HLA class I and/or class II antibodies did not
significantly increase 5 weeks after vaccination (Tables 2, 3 and
Figure 1A). The number of patients with positive anti-HLA class
I and/or class II did not significantly increase either in the group
of patients vaccinated during the first 6 months of the transplant
(Tables 2, 3 and Figure 1C) or in those patients who received an
adjuvanted vaccine (Table 2, 3 and Figure 1B).

However, among patients receiving two doses of the trivalent
non-adjuvanted inactivated vaccine, the proportion of patients
with anti-HLA class I antibodies significantly increased 5 weeks

after the second vaccine dose (4.6% vs. 14.6%, P = 0.003;
Table 2 and Figure 1D), but no increase was observed for anti-
HLA class II antibodies. No increase of anti-HLA class I and
class II antibodies was noted 1 year after the second vaccination
(Tables 2, 3).

The incidence of anti-HLA antibodies stratified by the organ
at baseline and during follow-up are detailed in Tables 2, 3 and
Figures 1E,F. The levels of anti-HLA antibodies significantly
decreased during the follow-up for all patients with class I
antibodies at baseline, at 5 weeks, 10 weeks, and 1 year
after immunization (54.29% vs. 22.88%, 21.4%, and 8.84%,
respectively) while no differences were observed for patients with
anti-HLA class II antibodies at baseline.

Analysis of Patients With Increased
Anti-HLA Antibody Response After
Vaccination
A total of 75 patients (15.3%) developed de novo or had a 10%
increase in anti-HLA antibodies after vaccination: 52 patients
(69.3%) at 5 weeks, 19 (25.3%) at 10 weeks, and 4 (5.3%) at
1 year. Of them, 41 patients became positive for anti-HLA
class I antibodies after vaccination: 11 (26.8%) had received
the influenza A/(H1N1)pdm adjuvanted vaccine, 2 (4.8%) were
vaccinated within the first 6 months after transplantation,
17 (41.4%) received one dose later than 6 months after the
transplant, and 11 (26.8%) received two doses of the vaccine.
A group of 25 patients became positive for anti-HLA class II
after vaccination: 4 (16.0%) received the pandemic adjuvanted
vaccine, 12 (48.0%) received one dose more than 6 months after
transplantation, and 9 (36.0%) received two doses. A group of
9 patients became positive for both anti-HLA class I and II
antibodies after vaccination: 2 (22.2%) received the pandemic
adjuvanted vaccine, 5 (55.5%) two doses, and 2 (22.2%) were
vaccinated within the first 6 months post-transplantation. The
distribution by organ was: 7 (77.7%) received a liver transplant,
1 (11.1%) kidney, and 1 (11.1%) heart.

In this group of 75 patients that developed anti-HLA
antibodies after immunization no significant differences in the
levels of MFI were found at 5 weeks after vaccination compared
with baseline for anti-HLA class I (2477.78 vs. 2766.69, P = 0.647)
or class II antibodies (6621.84 vs. 5164.7, P = 0.157); at 10 weeks
after vaccination for anti-HLA class I (2477.78 vs. 12023.66,
P = 0.084) and class II (6621.84 vs. 7919, P = 0.277) antibodies,
and at 1 year after vaccination for anti-HLA antibodies (9510.66
vs. 16609.50, p = 0.378).

Correlation Between Neutralizing
Antibody Levels and Development of
Anti-HLA Antibodies
No correlation was found between the immunological efficacy
(measured by GMT after the immunization) of the influenza
vaccine and developing de novo anti-HLA antibodies (Table 4).

Multivariate Analysis
A multivariate logistic regression analysis was performed to
evaluate possible confounding factors involved in the production
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TABLE 2 | The percentage of patients that were positive for anti-HLA class I antibodies for each of the indicated vaccination strategies.

% HLA Class I

N* Baseline 5 weeks post-vaccination N** 10 weeks post-vaccination 1 year post-vaccination

Total cohort n-(%) 490 77 (15.7) 66 (13.4) 260 36 (13.5) 9 (4.9)

Vaccine composition n-(%)

Adjuvanted 110 17 (15.4) 21 (19.0)

Non-adjuvanted 380 60 (15.7) 45 (11.8)

Time from Transplant to vaccination n-(%)

≤6 months 59 9 (15.2) 7 (10.1)

>6 months 431 68 (15.7) 59 (13.6)

Number of vaccine doses n-(%)

One dose 130 11 (8.0) 14 (10.2) 130 17 (12.5) 4 (2.9)

Two doses 136 6 (4.6) 5 (3.8) 136 19 (14.6)* 5 (3.8)

Type of transplant n-(%)

Kidney 153 35 (24.5) 31 (24.4) 64 11 (17.1) 5 (7.8)

Liver 155 25 (16.1) 16 (11.1) 70 8 (11.5)** 1 (1.4)

Heart 95 11 (11.6) 11 (12.9) 55 7 (12.7) 1 (1.8)

Lung 92 5 (5.4) 5 (5.9) 75 9 (12.0) 1 (1.3)

Combined (liver-kidney) 5 1 (20.0) 3 (60.0) 3 1 (33.3) 1 (33.3)

Parameters were compared using the McNemar test or Chi-square test when appropriate. *P = 0.003, **P = 0.043. N*, number of individuals analyzed at baseline and at
5 weeks post-vaccination. N**, number of individuals analyzed at 10 weeks and at 1 year post-vaccination.

TABLE 3 | Influenza vaccination strategy and anti-HLA class II antibody production.

% HLA Class II

N* Baseline 5 weeks after vaccination N** 10 weeks after vaccination 1 year after vaccination

Total cohort n-(%) 490 78 (15.9) 63 (14.0) 260 28 (10.8) 19 (7.1)

Vaccine composition n-(%)

Adjuvanted 110 16 (14.5) 19 (17.3)

Non-adjuvanted 380 62 (16.3) 51 (13.4)

Time from Transplant to vaccination n-(%)

≤6 months 59 9 (15.3) 7 (11.8)

>6 months 431 69 (16.0) 62 (14.6)

Number of vaccine doses n-(%)

One dose 130 9 (6.6) 13 (9.5) 130 11 (8.0) 10 (7.3)

Two doses 136 13 (10.0) 9 (6.9) 136 17 (13.0) 9 (6.9)

Type of transplant n-(%)

Kidney 153 31 (21.7) 23 (18.1) 64 9 (14.0) 9 (14.0)

Liver 155 29 (18.7) 23 (15.9) 70 6 (8.6) 3 (4.3)

Heart 95 12 (12.6) 10 (11.7) 55 6 (10.9) 3 (5.4)

Lung 92 4 (4.3) 5 (5.9) 75 6 (8.0) 3 (4.0)

Combined (liver-kidney) 5 2 (40.0) 2 (40.0) 3 1 (33.3) 1 (33.3)

Parameters were compared using the McNemar test or Chi-square test when appropriate. No differences were observed in all the analyses made. N*, number of
individuals analyzed at baseline and at 5 weeks post-vaccination; N**, number of individuals analyzed at 10 weeks and at 1 year post-vaccination.

of anti-HLA class-II antibodies 5 weeks after the last dose
of influenza vaccine and 1 year after vaccination (Table 5).
Having detectable HLA antibodies before vaccination was the
only factor significantly associated with an increase of anti-
HLA class I antibodies [OR = 6.91 (3.6–13.29), p = 0.004]
and class II [OR = 237.44 (20.08–2341.47), p < 0.001] at
5 weeks after the second vaccine dose. Having anti-HLA
antibodies was also related with developing anti-HLA class II
antibodies [OR = 48.40 (10.20–229.54), p < 0.01] at 1 year after

vaccination. However, other variables such as the administration
of the adjuvanted influenza vaccine or the administration of
a seasonal influenza vaccination within the first months after
transplantation, were not related with later development of anti-
HLA, class I or class II antibodies. Our results also showed
that a second dose of the seasonal influenza vaccine was
not related to the later development of anti-HLA antibodies,
including class II antibodies, which have been related to graft
rejection after transplantation. In our SOTR cohort, receiving
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FIGURE 1 | The percentage of patients that were positive for anti-HLA class I or II antibodies: (A) Before and after influenza vaccination; (B) Comparing patients
receiving the adjuvanted or non-adjuvanted vaccine at the indicated time of receiving the influenza vaccine immunization; (C) Comparing patients that received the
influenza vaccine within the first 6 months (<6 months) or after 6 months (>6 months) post-transplantation; (D) Comparing patients receiving one or two doses of
the influenza vaccine; (E) Comparing patients based on the organ type for anti-HLA class I antibodies; (F) Comparing patients based on the organ type for anti-HLA
class II antibodies. Notes: Baseline refers to the time of administration of the first dose of influenza vaccine, 5 weeks refers to 5 weeks after the first dose, 10 weeks
refers to 5 weeks after the second dose and 1 year refers to 1 year after immunization.*P < 0.05, statistically significant difference.

two doses of the influenza vaccination did not increased the
risk of developing class I and II anti-HLA antibodies 1 year
after vaccination.

Donor Specific Antibody Production
Of the 75 patients that developed anti-HLA antibodies in
response to vaccination, only 5 patients had DSA (Table 6).
One received a combined liver-kidney transplantation and
one dose of the 2009 (H1N1)pdm adjuvanted influenza

vaccine 57 months after transplantation and developed DSA
class I (subtype A∗01:01, 02:02) antibodies 5 weeks after
vaccination. The second patient was a kidney recipient who
received two doses of the non-adjuvanted influenza vaccine
14 months after transplantation, and developed DSA class II
(subtype DRB1∗01:03 and DRB3) antibodies 5 weeks after
the second immunization. In this case DSA was already
present in the patient’s serum at baseline and increased
after vaccination.
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TABLE 4 | Geometric mean titer (GMT) after vaccination and anti-HLA class I and II antibodies after vaccination.

Positive for anti-HLA class I
post-vaccination

Positive for anti-HLA class II
post-vaccination

Positive for anti-HLA class I and
II post-vaccination

GMT-post
vaccination
(IQR)

Yes No P Yes No P Yes No P

A/H1N1-
pdm

76.13
(20.0–1280.0)

88.24
(5.0–1280)

0.523 40.0
(8.40–160)

90.18
(20–320)

0.675 69.44
(14.1–452.52)

88.82
(20.0–1280.0)

0.446

A/H3N2 83.93
(33.63–1280.0

90.46
(20.0–640.0)

0.933 52.78
(5.0–2228.6)

92.10
(20–640)

0.316 40.0
(14.14–160.0)

92.28
(20.0–640.0)

0.282

Influenza B 195.04
(80.0–1280.0)

146.76
(40.0–1280.0)

0.645 226.27
(80.0–1194.2)

146.57
(40–1280)

0.183 320.0
(56.56–1810.1)

147.97
(40.0–1280)

0.319

GMT, geometric mean titer. Parameters were compared using T-Student test.

TABLE 5 | Regression model of factor influencing positive of anti-HLA class I and II.

Variables % HLA class I positives % HLA class II positives

10 weeks after vaccination 1 year after vaccination 10 weeks after vaccination 1 year after vaccination

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

First 6 months from
Transplant (yes vs. no)

1.17 (0.30–4.48) 0.812 0.501 (0.054–4.60) 0.541 1.17 (0.16–8.15) 0.873 2.36 (0.58–9.58) 0.229

Type of Transplant

Liver 1 1 1 1

Kidney 1.19 (0.27–5.15) 0.817 0.39 (0.043–3.55) 0.404 1.87 (0.26–13.29) 0.529 0.90 (0.19–4.15) 0.892

Heart 2.46 (0.76–8.00) 0.133 0.23 (0.026–2.14) 0.200 0.69 (0.07–6.81) 0.757 0.29 (0.054–1.56) 0.151

Lung 4E10 (0.00–) 0.999 21.94
(0.93–515.02)

0.055 2E9 (0.00–) 0.999 2.07 (0.02–161.77) 0.743

Mycophenolate (yes vs.
no)

1.31 (0.43–4.00) 0.632 1.54 (0.28–8.36) 0.617 19.48
(0.93–404.82)

0.055 0.79 (0.22–2.82) 0.717

Two doses of
vaccination (yes vs. no)

2.43 (0.67–8.75) 0.174 2.36 (0.50–11.06) 0.273 16.16
(0.70–369.04)

0.081 0.79 (0.24–2.59) 0.700

Anti-HLA positive at
baseline (yes vs. no)

10.53 (2.07–48.77) 0.004 5.96 (0.91–38.80) 0.062 237.44
(20.08–2341.47)

<0.001 48.40
(10.20–229.54)

<0.010

CI, confidence interval; OR, odds ratio. Parameters were compared using adjusted logistic regression.

TABLE 6 | Clinical parameters of patients developing DSA.

Months from
transplantation

Organ HLA Subtype Time from baseline
to anti-HLA

determination

Increase in
MFI from

baseline (%)

Rejection Outcome

57 Combined Liver-Kidney Class I HLA I-A 01:01 5 weeks −83.1% No Favorable

14 Kidney Class II HLA II DRB1*01:03 10 weeks −40.2% No Favorable

52 Lung Class II HLA II DR52 1 year 37.4% No Favorable

49 Lung Class II HLA II DQ9, DQ2 1 year 83.55% No Favorable

6 Kidney Class II HLA DQ7, DQ4 1 year Undetectable at
baseline

No Favorable

The other three patients developed DSA 1 year after
vaccination, one of them was a lung recipient who received two
doses of the influenza vaccine 52 months after transplantation
and developed DSA class II (subtype DR52) antibodies.
A second lung recipient received one dose of the non-adjuvanted
vaccine 49 months after transplantation and developed DSA
class II (subtype DQ2 and DQ9) antibodies. A third kidney
recipient received one dose of the vaccine 6 months after

transplantation and developed DSA class II (subtype DQ4
and DQ7) antibodies. None of them had graft rejection
during the follow-up.

In one patient the specificity of anti-HLA antibodies was not
determined because donor genotyping was not available.

No difference in immune suppression was observed
between patients who did and did not develop anti-HLA I
and II antibodies.
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Rejection Episodes
Only two (0.4%) patients of the cohort studied were diagnosed
with graft rejection during the follow-up. A lung recipient
(12 months after transplantation) was diagnosed with acute
graft rejection 10 days after receiving one dose of the trivalent
influenza vaccine. A decrease in FEV1 had been detected before
vaccination coinciding with sub-therapeutic levels of tacrolimus.
A heart recipient (6 months after transplantation) was diagnosed
with acute cellular graft rejection IIIA 70 days after receiving
a second dose of non-adjuvanted influenza vaccine. Neither
of them developed DSA and no other circumstances indicated
the presence of acute rejection. Both patients had favorable
outcomes after rejection. No differences in pre- and post-
vaccination lymphocyte counts were found (1524.8 ± 808.6/ml
vs. 1500.3 ± 753.8/ml, P > 0.05). In patients with rejection,
lymphocytosis after vaccination was not observed.

DISCUSSION

The presents study suggest that the clinical effects of
allostimulation on graft rejection seems extremely low,
supporting the safety of different strategies to optimize influenza
vaccination response in SOT recipients. Moreover, we observed
that the production of DSA antibodies is not related to time
elapsed after a transplant or the use of adjuvant or booster doses
of the influenza vaccine.

Antibody-mediated rejection is a major determinant
of allograft loss. The development of de novo DSA after
transplantation has been associated with decreased allograft
survival (31, 32). The safety of the influenza vaccination in
transplant patients has been questioned since some studies
have suggested that antigens included in the influenza vaccine
composition may cross-react with alloantigens involved in graft
rejection, raising the risk of a vaccination-induced alloimmune
response (27, 33). In the present study we have analyzed different
strategies of influenza vaccination and their influence on the
production of DSA and/or rejection in SOT recipients and
evaluated the clinical relevance of DSA.

Higher MFI levels have been associated with poorer outcomes.
In our cohort, although the method used to measure anti-HLA
antibody levels is semiquantitative, having anti-HLA antibodies
before immunization did not predispose patients to an increased
risk for developing anti-HLA antibodies after vaccination
considering the MFI levels before and after vaccination.

We also found that patients receiving the vaccine within
6 months after transplantation had less of a alloreactive
response, which may be related with the higher levels of
immunosuppressors during this period.

In the present report, the immune response triggered against
influenza antigens in the vaccine composition was not associated
with the production of de novo DSA or with rejection, with
similar outcomes in the different types of transplants studied.
Contrary to what has been previously suggested (26), our
results show that having an adjuvant in the composition of the
vaccine has little or no influence on alloimmune response and
graft rejection.

The proportion of graft rejection was low in our series,
despite all patients being closely followed up, and biopsies were
performed in cases that biochemical or functional abnormalities
were detected. However, subclinical rejection could not be ruled
out. The low incidence of graft rejection could be also explained
by the time elapsed since transplantation, more than 1 year for
three-quarters of the patients included.

In general, increased risk of graft rejection and lower vaccine
efficiency occurs during the first months of transplantation (4,
34). In a previous report we found a similar response to influenza
vaccination in patients vaccinated before or after 6 months post-
transplantation (14). In this study, the immunological impact of
influenza vaccination, assessed by the production of anti-HLA
antibodies and DSA, was evaluated, concluding that the timing
of influenza vaccinations after transplantation had no influence
on the production of anti-HLA antibodies, DSA, or rejection.

Regarding the risk of an alloimmune response against
influenza antigens after the administration of a booster dose, we
found that although a second immunization dose was associated
with developing more anti-HLA class I antibodies, no differences
were found regarding the production of DSA and graft rejection.
It is not clear in the literature whether DSA have clinical
relevance since most of the results available are retrospective.
Although some DSA may be associated with a rapid decline in
graft function, it may take months to years before a pathologic
correlation is seen in others (35).

Other authors have previously studied the induction of donor-
specific HLA antibodies after vaccination using the conjugated
Streptococcus pneumonia vaccine. Their results show that no
de novo HLA antibodies were developed in kidney recipients,
however, they suggested that female kidney transplant recipients
may be more susceptible to the induction of HLA antibodies after
vaccination (36, 37). In addition, a recent meta-analysis suggested
no effect on the development of de novo donor-specific antibodies
and no increases in acute rejection after vaccination in SOT
recipients. While most of the papers included studied influenza
vaccination, measles, hepatitis B, varicella, tetanus, diphtheria,
and polio vaccination have also been assessed (38).

Some authors have proposed that rejection is linked to
reaching a threshold of alloreactive memory T cells (33). In line
with this idea, we found that patients exposed twice to influenza
antigens were more prone to have an anti-HLA class I antibody.
However, only one SOTR developed de novo anti-HLA DSA
antibodies after a second immunization, and this patient had a
favorable outcome, with no rejection episodes.

The HLA system is highly polymorphic with numerous alleles.
Class II antibodies have been more frequently related to graft
rejection, particularly those targeting HLA DQ antigens (39, 40).
Some authors suggest that there may be a higher risk of acute
and chronic allograft rejection when de novo DSA are found on
routine monitoring at any time post-transplantation (41). Our
results do not support this idea since, only four patients had
increased DSA class II levels after influenza vaccination, and none
of them had clinical or functional graft rejection. Additionally,
only two patients had graft rejection in this cohort and none
developed de novo DSA after influenza vaccination suggesting
that rejection was not related to influenza immunization.
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Some limitations might be considered. Firstly, we were unable
to establish the timing after immunization for the development
of antibodies since no samples were collected between 10 and
56 weeks. Secondly, biopsies were only performed if rejection was
suspected in all but heart transplant recipients, who had regular
histological studies. In patients who developed DSA, biopsies
were not performed and therefore subclinical rejection can not
be ruled out. In any case, it had no impact on graft function
as observed during follow-up. Thirdly, this paper analyses the
production of HLA antibodies and its association with antibody
mediated rejection. However, it does not exclude the possibility
of vaccine induced T cell allorecognition. Finally, no information
regarding other types of vaccines different from influenza or
pneumococcus is available which limits the extrapolation of these
results to other vaccines.

In summary, our results suggest no association between
influenza vaccination and graft rejection in SOTR. In addition,
strategies to improve the immune response after vaccination such
as earlier vaccination after transplantation, the use of an adjuvant
in the composition of the vaccine, or the use of a booster dose are
effective and safe and may not increase rates of rejection.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Comité Ética de la Investigación del HU Virgen

del Rocío de Sevilla. The patients/participants provided their
written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

AB-R performed all the experiments, analyzed the results, and
generated all the figures and the manuscript. CR, TA, MA-G, and
RL collected the clinical data, performed the statistical analysis
of the data, and generated the manuscript. MA-G, JT-C, JG, AM,
MM, CF, JC, PM, MB, JF, AS-B, FL-M, and CR provided patient
care and participated in the discussion, and preparation of the
manuscript. FGE and IO performed the DSA procedures and
participated in the discussion, and preparation of the manuscript.
EC and PP-R designed the research, responsible for the project,
and preparation of the manuscript. All authors contributed to the
article and approved the submitted version.

FUNDING

This study was funded by the Consejería de Salud
(Grant Number: PI-0119-2012), Ministerio de Economía y
Competitividad, Instituto de Salud Carlos III (Grant Numbers:
GR09/0041, PI14-00165, and MPY110/18) and co-financed
by European Development Regional Fund “A way to achieve
Europe” ERDF, Spanish Network for the Research in Infectious
Diseases (REIPI RD12/0015/0001).

ACKNOWLEDGMENTS

The authors thank Michael McConnell for critically
reading the manuscript.

REFERENCES
1. Birdwell KA, Ikizler MR, Sannella EC, Wang L, Byrne DW, Ikizler TA, et al.

Decreased antibody response to influenza vaccination in kidney transplant
recipients: a prospective cohort study. Am J Kidney Dis. (2009) 54:112–21.
doi: 10.1053/j.ajkd.2008.09.023

2. Dopp JM, Wiegert NA, Moran JJ, Francois ML, Radford KL, Thomas H,
et al. Effect of annual influenza immunization on antibody response in
lung transplant patients. Prog Transplant. (2009) 19:153–9. doi: 10.1177/
152692480901900209

3. Gottlieb J, Schulz TF, Welte T, Fuehner T, Dierich M, Simon AR, et al.
Community-acquired respiratory viral infections in lung transplant recipients:
a single season cohort study. Transplantation. (2009) 87:1530–7. doi: 10.1097/
TP.0b013e3181a4857d

4. Kumar D, Michaels MG, Morris MI, Green M, Avery RK, Liu C, et al.
Outcomes from pandemic influenza A H1N1 infection in recipients of solid-
organ transplants: a multicentre cohort study. Lancet Infect Dis. (2010)
10:521–6. doi: 10.1016/S1473-3099(10)70133-X

5. Kunisaki KM, Janoff EN. Influenza in immunosuppressed populations: a
review of infection frequency, morbidity, mortality, and vaccine responses.
Lancet Infect Dis. (2009) 9:493–504. doi: 10.1016/S1473-3099(09)70175-6

6. Manuel O, Humar A, Chen MH, Chernenko S, Singer LG, Cobos I, et al.
Immunogenicity and safety of an intradermal boosting strategy for vaccination
against influenza in lung transplant recipients. Am J Transplant. (2007)
7:2567–72. doi: 10.1111/j.1600-6143.2007.01982.x

7. Manuel O, Pascual M, Hoschler K, Giulieri S, Alves D, Ellefsen K, et al.
Humoral response to the influenza A H1N1/09 monovalent AS03-adjuvanted
vaccine in immunocompromised patients. Clin Infect Dis. (2011) 52:248–56.
doi: 10.1093/cid/ciq104

8. Cordero E, Perez-Ordonez A, Aydillo TA, Torre-Cisneros J, Gavalda J, Lara
R, et al. Therapy with m-TOR inhibitors decreases the response to the
pandemic influenza A H1N1 vaccine in solid organ transplant recipients. Am
J Transplant. (2011) 11:2205–13. doi: 10.1111/j.1600-6143.2011.03692.x

9. Perez-Romero P, Aydillo TA, Perez-Ordonez A, Munoz P, Moreno A, Lopez-
Medrano F, et al. Reduced incidence of pneumonia in influenza-vaccinated
solid organ transplant recipients with influenza disease. Clin Microbiol Infect.
(2012) 18:E533–40. doi: 10.1111/1469-0691.12044

10. Schuurmans MM, Tini GM, Dalar L, Fretz G, Benden C, Boehler A. Pandemic
2009 H1N1 influenza virus vaccination in lung transplant recipients: coverage,
safety and clinical effectiveness in the Zurich cohort. J Heart Lung Transplant.
(2011) 30:685–90. doi: 10.1016/j.healun.2011.01.707

11. Cordero E, Manuel O. Influenza vaccination in solid-organ transplant
recipients. Curr Opin Organ Transplant. (2012) 17:601–8. doi: 10.1097/MOT.
0b013e3283592622

12. Zhu FC, Wang H, Fang HH, Yang JG, Lin XJ, Liang XF, et al. A novel influenza
A (H1N1) vaccine in various age groups. N Engl J Med. (2009) 361:2414–23.
doi: 10.1056/NEJMoa0908535

13. Cordero E, Aydillo TA, Perez-Ordonez A, Torre-Cisneros J, Lara R, Segura
C, et al. Deficient long-term response to pandemic vaccine results in an
insufficient antibody response to seasonal influenza vaccination in solid organ

Frontiers in Immunology | www.frontiersin.org 9 October 2020 | Volume 11 | Article 1917

https://doi.org/10.1053/j.ajkd.2008.09.023
https://doi.org/10.1177/152692480901900209
https://doi.org/10.1177/152692480901900209
https://doi.org/10.1097/TP.0b013e3181a4857d
https://doi.org/10.1097/TP.0b013e3181a4857d
https://doi.org/10.1016/S1473-3099(10)70133-X
https://doi.org/10.1016/S1473-3099(09)70175-6
https://doi.org/10.1111/j.1600-6143.2007.01982.x
https://doi.org/10.1093/cid/ciq104
https://doi.org/10.1111/j.1600-6143.2011.03692.x
https://doi.org/10.1111/1469-0691.12044
https://doi.org/10.1016/j.healun.2011.01.707
https://doi.org/10.1097/MOT.0b013e3283592622
https://doi.org/10.1097/MOT.0b013e3283592622
https://doi.org/10.1056/NEJMoa0908535
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


fimmu-11-01917 October 3, 2020 Time: 17:30 # 10

Cordero et al. Influenza Vaccination and Graft Rejection

transplant recipients. Transplantation. (2012) 93:847–54. doi: 10.1097/TP.
0b013e318247a6ef

14. Perez-Romero P, Bulnes-Ramos A, Torre-Cisneros J, Gavalda J, Aydillo TA,
Moreno A, et al. Influenza vaccination during the first 6 months after solid
organ transplantation is efficacious and safe. Clin Microbiol Infect. (2015)
21:1040.e11-8.

15. Cordero E, Roca-Oporto C, Bulnes-Ramos A, Aydillo T, Gavalda J, Moreno A,
et al. Two doses of inactivated influenza vaccine improve immune response in
solid organ transplant recipients: results of TRANSGRIPE 1-2, a randomized
controlled clinical trial. Clin Infect Dis. (2017) 64:829–38. doi: 10.1093/cid/
ciw855

16. Brakemeier S, Schweiger B, Lachmann N, Glander P, Schonemann C,
Diekmann F, et al. Immune response to an adjuvanted influenza A H1N1
vaccine (Pandemrix((R))) in renal transplant recipients. Nephrol Dialys
Transplant. (2012) 27:423–8. doi: 10.1093/ndt/gfr278

17. Cohet C, Haguinet F, Dos Santos G, Webb D, Logie J, Lc Ferreira G, et al.
Effect of the adjuvanted (AS03) A/H1N1 2009 pandemic influenza vaccine on
the risk of rejection in solid organ transplant recipients in England: a self-
controlled case series. BMJ Open. (2016) 6:e009264. doi: 10.1136/bmjopen-
2015-009264

18. GiaQuinta S, Michaels MG, McCullers JA, Wang L, Fonnesbeck C, O’Shea
A, et al. Randomized, double-blind comparison of standard-dose vs. high-
dose trivalent inactivated influenza vaccine in pediatric solid organ transplant
patients. Pediatric Transplant. (2015) 19:219–28. doi: 10.1111/petr.12419

19. Hojsak I, Avitzur Y, Mor E, Shamir R, Haimi-Cohen Y, Zakay-Rones Z, et al.
Antibody response to influenza vaccine in pediatric liver transplant recipients.
Pediat Infect Dis J. (2011) 30:491–4. doi: 10.1097/INF.0b013e31820b7c22

20. Schaffer SA, Husain S, Delgado DH, Kavanaugh L, Ross HJ. Impact of
adjuvanted H1N1 vaccine on cell-mediated rejection in heart transplant
recipients. Am J Transplant. (2011) 11:2751–4. doi: 10.1111/j.1600-6143.2011.
03743.x

21. Chong PP, Handler L, Weber DJ. A Systematic review of safety and
immunogenicity of influenza vaccination strategies in solid organ transplant
recipients. Clin Infect Dis. (2018) 66:1802–11. doi: 10.1093/cid/cix1081

22. Le Corre N, Thibault F, Pouteil Noble C, Meiffredy V, Daoud S, Cahen R, et al.
Effect of two injections of non-adjuvanted influenza A H1N1pdm2009 vaccine
in renal transplant recipients: INSERM C09-32 TRANSFLUVAC trial. Vaccine.
(2012) 30:7522–8. doi: 10.1016/j.vaccine.2012.10.047

23. Danziger-Isakov L, Cherkassky L, Siegel H, McManamon M, Kramer K,
Budev M, et al. Effects of influenza immunization on humoral and cellular
alloreactivity in humans. Transplantation. (2010) 89:838–44. doi: 10.1097/TP.
0b013e3181ca56f8

24. D’Orsogna LJ, van Besouw NM, van der Meer-Prins EM, van der Pol P,
Franke-van Dijk M, Zoet YM, et al. Claas, vaccine-induced allo-HLA-reactive
memory T cells in a kidney transplantation candidate. Transplantation. (2011)
91:645–51. doi: 10.1097/TP.0b013e318208c071

25. Fairhead T, Hendren E, Tinckam K, Rose C, Sherlock CH, Shi L, et al.
Poor seroprotection but allosensitization after adjuvanted pandemic influenza
H1N1 vaccine in kidney transplant recipients. Transplant Infect Dis. (2012)
14:575–83. doi: 10.1111/tid.12006

26. Katerinis I, Hadaya K, Duquesnoy R, Ferrari-Lacraz S, Meier S, van Delden
C, et al. De novo anti-HLA antibody after pandemic H1N1 and seasonal
influenza immunization in kidney transplant recipients. Am J Transplant.
(2011) 11:1727–33. doi: 10.1111/j.1600-6143.2011.03604.x

27. Candon S, Thervet E, Lebon P, Suberbielle C, Zuber J, Lima C, et al.
Humoral and cellular immune responses after influenza vaccination in kidney
transplant recipients. Am J Transplant. (2009) 9:2346–54. doi: 10.1111/j.1600-
6143.2009.02787.x

28. Heidt S, Feltkamp MC, Karahan GE, de Brouwer CS, Langerak-Langerak J,
Mulder A, et al. No evidence for cross-reactivity of virus-specific antibodies
With HLA alloantigens. Transplantation. (2018) 102:1844–9. doi: 10.1097/TP.
0000000000002369

29. Mengel M, Sis B, Haas M, Colvin RB, Halloran PF, Racusen LC, et al. Banff
2011 Meeting report: new concepts in antibody-mediated rejection. Am J
Transplant. (2012) 12:563–70. doi: 10.1111/j.1600-6143.2011.03926.x

30. Greenberg ME, Lai MH, Hartel GF, Wichems CH, Gittleson C, Bennet J, et al.
Response to a monovalent 2009 influenza A (H1N1) vaccine. N Engl J Med.
(2009) 361:2405–13. doi: 10.1056/NEJMoa0907413

31. Terasaki PI, Ozawa M. Predictive value of HLA antibodies and serum
creatinine in chronic rejection: results of a 2-year prospective trial.
Transplantation. (2005) 80:1194–7. doi: 10.1097/01.tp.0000174338.97313.5a

32. Terasaki PI, Ozawa M, Castro R. Four-year follow-up of a prospective trial of
HLA and MICA antibodies on kidney graft survival. Am J Transplant. (2007)
7:408–15. doi: 10.1111/j.1600-6143.2006.01644.x

33. Adams AB, Williams MA, Jones TR, Shirasugi N, Durham MM, Kaech SM,
et al. Heterologous immunity provides a potent barrier to transplantation
tolerance. J Clin Invest. (2003) 111:1887–95. doi: 10.1172/JCI20031
7477

34. Danziger-Isakov L, Kumar D. Vaccination in solid organ transplantation. Am
J Transplant. (2013) 13(Suppl. 4):311–7. doi: 10.1111/ajt.12122

35. Wiebe C, Gibson IW, Blydt-Hansen TD, Karpinski M, Ho J, Storsley LJ,
et al. Evolution and clinical pathologic correlations of de novo donor-specific
HLA antibody post kidney transplant. Am J Transplant. (2012) 12:1157–67.
doi: 10.1111/j.1600-6143.2012.04013.x

36. Dendle C, Stuart RL, Polkinghorne KR, Balloch A, Kanellis J, Ling J, et al.
Seroresponses and safety of 13-valent pneumococcal conjugate vaccination
in kidney transplant recipients. Transplant Infect Dis. (2018) 20:e12866. doi:
10.1111/tid.12866

37. Lindemann M, Oesterreich S, Wilde B, Eisenberger U, Muelling N, Horn
PA, et al. Sex-specific differences in HLA antibodies after pneumococcal
vaccination in kidney transplant recipients.Vaccines. (2019) 7:84. doi: 10.3390/
vaccines7030084

38. Mulley WR, Dendle C, Ling JEH, Knight SR. Does vaccination in solid-organ
transplant recipients result in adverse immunologic sequelae? A systematic
review and meta-analysis. J Heart Lung Transplant. (2018) 37:844–52. doi:
10.1016/j.healun.2018.03.001

39. Everly MJ, Rebellato LM, Haisch CE, Ozawa M, Parker K, Briley KP,
et al. Incidence and impact of de novo donor-specific alloantibody in
primary renal allografts. Transplantation. (2013) 95:410–7. doi: 10.1097/TP.
0b013e31827d62e3

40. Yamamoto T, Watarai Y, Takeda A, Tsujita M, Hiramitsu T, Goto N, et al.
De novo anti-HLA DSA characteristics and subclinical antibody-mediated
kidney allograft injury. Transplantation. (2015) 100:2194–202. doi: 10.1097/
TP.0000000000001012

41. Ma J, Patel A, Tinckam K. Donor-specific antibody monitoring: where is the
beef? Adv Chronic Kidney Dis. (2016) 23:317–25. doi: 10.1053/j.ackd.2016.08.
004

Conflict of Interest: PP-R is a founder and shareholder of Vaxdyn, S.L., a
biotechnology company developing vaccines.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2020 Cordero, Bulnes-Ramos, Aguilar-Guisado, González Escribano,
Olivas, Torre-Cisneros, Gavaldá, Aydillo, Moreno, Montejo, Fariñas, Carratalá,
Muñoz, Blanes, Fortún, Suárez-Benjumea, López-Medrano, Roca, Lara and Pérez-
Romero. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Immunology | www.frontiersin.org 10 October 2020 | Volume 11 | Article 1917

https://doi.org/10.1097/TP.0b013e318247a6ef
https://doi.org/10.1097/TP.0b013e318247a6ef
https://doi.org/10.1093/cid/ciw855
https://doi.org/10.1093/cid/ciw855
https://doi.org/10.1093/ndt/gfr278
https://doi.org/10.1136/bmjopen-2015-009264
https://doi.org/10.1136/bmjopen-2015-009264
https://doi.org/10.1111/petr.12419
https://doi.org/10.1097/INF.0b013e31820b7c22
https://doi.org/10.1111/j.1600-6143.2011.03743.x
https://doi.org/10.1111/j.1600-6143.2011.03743.x
https://doi.org/10.1093/cid/cix1081
https://doi.org/10.1016/j.vaccine.2012.10.047
https://doi.org/10.1097/TP.0b013e3181ca56f8
https://doi.org/10.1097/TP.0b013e3181ca56f8
https://doi.org/10.1097/TP.0b013e318208c071
https://doi.org/10.1111/tid.12006
https://doi.org/10.1111/j.1600-6143.2011.03604.x
https://doi.org/10.1111/j.1600-6143.2009.02787.x
https://doi.org/10.1111/j.1600-6143.2009.02787.x
https://doi.org/10.1097/TP.0000000000002369
https://doi.org/10.1097/TP.0000000000002369
https://doi.org/10.1111/j.1600-6143.2011.03926.x
https://doi.org/10.1056/NEJMoa0907413
https://doi.org/10.1097/01.tp.0000174338.97313.5a
https://doi.org/10.1111/j.1600-6143.2006.01644.x
https://doi.org/10.1172/JCI200317477
https://doi.org/10.1172/JCI200317477
https://doi.org/10.1111/ajt.12122
https://doi.org/10.1111/j.1600-6143.2012.04013.x
https://doi.org/10.1111/tid.12866
https://doi.org/10.1111/tid.12866
https://doi.org/10.3390/vaccines7030084
https://doi.org/10.3390/vaccines7030084
https://doi.org/10.1016/j.healun.2018.03.001
https://doi.org/10.1016/j.healun.2018.03.001
https://doi.org/10.1097/TP.0b013e31827d62e3
https://doi.org/10.1097/TP.0b013e31827d62e3
https://doi.org/10.1097/TP.0000000000001012
https://doi.org/10.1097/TP.0000000000001012
https://doi.org/10.1053/j.ackd.2016.08.004
https://doi.org/10.1053/j.ackd.2016.08.004
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Effect of Influenza Vaccination Inducing Antibody Mediated Rejection in Solid Organ Transplant Recipients
	Introduction
	Materials and Methods
	Patient Inclusion
	Vaccines
	Clinical Parameters and Definitions
	HLA Determination
	Assignation of DSA (Virtual Crossmatches): Donor HLA Typing
	Influenza Virus Microneutralization Assays
	Statistical Analysis

	Results
	Patient Cohort
	Anti-HLA Antibody Response
	Analysis of Patients With Increased Anti-HLA Antibody Response After Vaccination
	Correlation Between Neutralizing Antibody Levels and Development of Anti-HLA Antibodies
	Multivariate Analysis
	Donor Specific Antibody Production
	Rejection Episodes

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


