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Background. The immunogenicity of the standard influenza vaccine is reduced in solid-organ transplant (SOT) recipients, so 
new vaccination strategies are needed in this population. 

Methods. Adult SOT recipients from 9 transplant clinics in Switzerland and Spain were enrolled if they were >3 months after 
transplantation. Patients were randomized (1:1:1) to a MF59-adjuvanted or a high-dose vaccine (intervention), or a standard 
vaccine (control), with stratification by organ and time from transplant. The primary outcome was vaccine response rate, 
defined as a ≥4-fold increase of hemagglutination-inhibition titers to at least 1 vaccine strain at 28 days postvaccination. 
Secondary outcomes included polymerase chain reaction–confirmed influenza and vaccine reactogenicity. 

Results. A total of 619 patients were randomized, 616 received the assigned vaccines, and 598 had serum available for analysis of the 
primary endpoint (standard, n = 198; MF59-adjuvanted, n = 205; high-dose, n = 195 patients). Vaccine response rates were 42% (84/ 
198) in the standard vaccine group, 60% (122/205) in the MF59-adjuvanted vaccine group, and 66% (129/195) in the high-dose vaccine 
group (difference in intervention vaccines vs standard vaccine, 0.20; 97.5% confidence interval [CI], .12–1); P < .001; difference in high- 
dose vs standard vaccine, 0.24 [95% CI, .16–1]; P < .001; difference in MF59-adjuvanted vs standard vaccine, 0.17 [97.5% CI, .08–1]; P  
< .001). Influenza occurred in 6% of the standard, 5% in the MF59-adjuvanted, and 7% in the high-dose vaccine groups. Vaccine-related 
adverse events occurred more frequently in the intervention vaccine groups, but most of the events were mild. 

Conclusions. In SOT recipients, use of an MF59-adjuvanted or a high-dose influenza vaccine was safe and resulted in a higher 
vaccine response rate. 
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Graphical Abstract  
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Seasonal influenza is associated with significant morbidity and 
mortality [1], particularly in immunocompromised patients 
[2]. Solid-organ transplant (SOT) recipients with influenza 
have higher rates of hospital admission, need for mechanical 
ventilation, and mortality compared with the general popula-
tion [3–5]. Influenza has also been associated with reduced al-
lograft survival in SOT recipients [5]. 

Annual immunization with the standard influenza vaccine is 
the mainstay of prevention and is recommended to all SOT recip-
ients [6]. However, because of lifelong immunosuppression, the 
immunogenicity of influenza vaccine is reduced in SOT recipients 
[7–9]. Different strategies have been evaluated to increase vaccine 
responses in at-risk populations. Compared with the standard 
vaccine, adding the MF59 adjuvant [10] or increasing the dose 
of hemagglutinin antigens in the vaccine improved efficacy in 
the elderly [11, 12]. Preliminary data from small clinical trials in 
SOT recipients suggested improved immunogenicity with the 
use of MF59-adjuvanted and high-dose vaccines, although the ef-
ficacy in preventing influenza has not been evaluated [13–15]. 

We aimed to evaluate whether the MF59-adjuvanted and 
high-dose vaccines elicited better immunogenicity, were safe, 
and had better clinical efficacy compared with the standard in-
fluenza vaccine in SOT recipients. 

METHODS 

Study Design 

The Swiss/Spanish Trial in Solid Organ Transplantation on 
Prevention of Influenza (STOP-FLU) was a double-blind, 

multicenter, randomized, superiority clinical trial of standard- 
dose nonadjuvanted influenza vaccine versus 
MF59-adjuvanted influenza vaccine versus high-dose influenza 
vaccine in SOT recipients. The protocol and statistical analysis 
plan are presented in the Supplementary Material. 

Study participants were enrolled between October and 
December during 2 consecutive influenza seasons (2018–2019 
and 2019–2020) at the outpatient transplant clinics of 6 partic-
ipating centers during the first and second season (Basel, Bern, 
Geneva, Lausanne, Lugano, and Zurich in Switzerland) and at 3 
additional centers during the second season (Chur and 
St. Gallen in Switzerland and Seville in Spain). The study pro-
tocol was approved by local ethics committees at each partici-
pating center (protocol numbers 2017-01922 in Switzerland 
and 2019-001974-27 in Spain) and was registered at 
Clinicaltrials.gov (NCT03699839). 

Participants 

We included adult (≥18 years old) SOT recipients who under-
went transplantation at least 3 months before enrollment. 
Exclusion criteria were hypersensitivity to any component of 
the study vaccines, previous life-threatening reaction to influ-
enza vaccine, ongoing therapy for rejection, current treatment 
with immunoglobulins or eculizumab, rituximab therapy with-
in 6 months, ABO-incompatible transplantation, pregnancy/ 
breastfeeding, and inability to comply with the study protocol. 
Patients who were vaccinated during the current vaccination 
campaign were also excluded. Patients enrolled during the first  
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year were excluded from participating again during the second 
year of recruitment. All participants provided written, in-
formed consent. 

Randomization and Masking 

Eligible patients were centrally randomized in a 1:1:1 ratio to re-
ceive 1 intramuscular injection of the standard dose nonadju-
vanted influenza vaccine (standard vaccine group), the 
MF59-adjuvanted influenza vaccine (MF59-adjuvanted vaccine 
group), or the high-dose influenza vaccine (high-dose vaccine 
group). A block randomization with varying block sizes was ap-
plied using the electronic Data Capture System SecuTrial. 
Randomization was stratified by type of organ (kidney vs others) 
and time after transplantation (up to 12 months vs more than 12 
months). Because of delayed availability of the high-dose vaccine 
during the 2019–2020 season, block randomization was modified 
to allow initial allocation of participants to the standard and the 
MF59-adjuvanted vaccine only, with subsequent compensation 
when the high-dose vaccine became available. According to the al-
located intervention, participants received one intramuscular in-
jection in the deltoid of the nondominant arm of the vaccine by 
a nurse not involved in the trial. Because of slight differences in 
the suspension color between vaccines, participants were not al-
lowed to look at the syringe during injection. 

Procedures 

Participants randomized in the standard vaccine group received 
VaxigripTetra (Sanofi-Pasteur MSD, France), those randomized 
in the MF59-adjuvated vaccine group received Fluad (PaxVax 
Berna GmbH, Switzerland), and those randomized in the high-dose 
vaccine group received Fluzone-HD (Sanofi-Pasteur, France). All 
are commercially available, inactivated, split-virion influenza vac-
cines. VaxigripTetra is a quadrivalent nonadjuvanted influenza vac-
cine containing 15 µg of hemagglutinin antigen per strain. Fluad is a 
trivalent influenza vaccine containing 15 µg of hemagglutinin 
antigen per strain and the adjuvant MF59. Fluzone-HD is a trivalent 
nonadjuvanted influenza vaccine containing 60 µg of hemaggluti-
nin antigen per strain. The influenza strains contained in the 
vaccines are summarized in Supplementary Table 1. The quadriva-
lent vaccine (VaxigripTetra) contained an additional B strain 
(Yamagata lineage) for both seasons. 

Serum samples were collected at baseline and days 28 and 
180 after vaccination for immunogenicity and anti–human leu-
kocyte antigen (HLA) antibodies analysis. Study participants 
were asked to record and grade solicited local and systemic ad-
verse events (detailed in Supplementary Table 2) as well as body 
temperature on a diary card within 7 days after vaccination. 

During the influenza season, patients were instructed to refer to 
their transplant center in case of symptoms suggestive of 
influenza-like illness (cough, fever, and/or sudden onset of illness) 
to perform an influenza-specific polymerase chain reaction (PCR) 
test in the nasopharyngeal swab. In addition, each study 

participant was instructed by a study nurse to collect 5 nasopha-
ryngeal swabs (flocked swabs with viral transport media) at weeks 
2, 4, 6, 8, and 10 after the onset of the influenza season and to fill in 
a questionnaire asking for symptoms of influenza at the time of 
each swab. Patients performed the swab themselves and couriered 
it to the trial central laboratory (Diagnostic Laboratory at the 
University Hospital Basel, Switzerland). Patients were followed 
up to 180 days after vaccination. 

Immunogenicity was assessed by the measurement of 
hemagglutinin-inhibition (HAI) titers using the hemagglutinin- 
inhibition assay performed in the same batch at the Department 
of Biomedicine of the University of Basel, following the standard-
ized World Health Organization methods [16–18]. Briefly, serum 
was incubated with standardized amounts of influenza antigens 
followed by addition of a suspension of 0.5% red blood cells. 
Geometric mean titers (GMTs) were determined by doubling di-
lutions of antibody starting from an initial dilution of 1:8 to a final 
dilution of 1:1024. Samples with a negative result were assigned a 
titer of 1:4. Internal positive (same highly positive serum) and neg-
ative controls were used. 

Influenza-specific PCR tests were performed as part of routine 
clinical practice at the treating center in case of symptomatic in-
fection. Influenza-specific PCR on surveillance nasopharyngeal 
swabs were performed at the diagnostic laboratory at the 
University Hospital Basel according to established protocols 
with RNA extraction on an Abbott robotic system (m2000sp, 
Switzerland) followed by PCR against Influenza A and B with a 
kit from Altona Diagnostics (Hamburg, Germany) on an 
ABI7500 light cycler (ThermoFisher, Switzerland). Anti-HLA an-
tibodies were measured by solid-phase assay on beads 
(LABScreen mixed; OneLambda, ThermoFischer, Switzerland) 
and the titer was determined by the mean fluorescence index of 
each specific bead, according to standard procedures. 

Outcomes 

The primary outcome of the study was the vaccine response 
rate at day 28, defined as the proportion of patients exhibiting 
seroconversion for at least 1 viral strain (A/H1N1, A/H3N2, or 
B) contained in the trivalent vaccines at day 28 after vaccina-
tion. Seroconversion was defined as an at least 4-fold increase 
of HAI titer from baseline. Secondary immunogenicity out-
comes were GMTs of HAI titers, seroprotection rates, serocon-
version rates, and seroconversion factors for each vaccine strain 
at days 28 and 180. Seroprotection was defined as an HAI titer 
of 1:40 or greater, and seroconversion factor was defined as the 
fold increase in anti-HAI titers for each viral strain before and 
after vaccination, according to the standard definition of the 
European Agency for the Evaluation of Medical Products. A se-
roconversion factor of 2.5 or greater is required [19]. The sec-
ondary clinical outcome was the proportion of participants 
with clinical or subclinical influenza confirmed by PCR by 
day 180. Safety outcomes included vaccine reactogenicity,  
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defined as the proportion of participants with local or systemic 
solicited adverse events by day 7, and the proportion of partic-
ipants with de novo anti-HLA antibodies, biopsy-proven acute 
rejection, and death by day 180 after vaccination. 

Statistical Analysis 

We considered that the lowest seroconversion rate would be of 
46% with the standard vaccine, that the mid-seroconversion 
rate would be of 59% with the MF59-adjuvanted vaccine, and 
the highest seroconversion rate would be of 70% with the high- 
dose vaccine [13, 20]. Thus, considering a dropout rate of 10%, 
assuming a power of 80% and a family-wise error rate of 5%, 
we planned to enroll 780 patients (260 per group) to test for supe-
riority of the intervention vaccines over the control vaccine, using 
Bonferroni-Holm adjustment to define significance levels per test. 
Because we did not reach the planned number of patients after 2 
years of recruitment, we considered extending the inclusion of pa-
tients for a third year. Unfortunately, the advent of the coronavi-
rus disease 2019 pandemic precluded the extension of the trial. 

Primary analysis was performed in participants who received 
the allocated vaccine and for whom HAI titer measurement at 

baseline and day 28 was available and thus were evaluable for 
the primary outcome (per protocol). To compare the 2 interven-
tion vaccines and the standard vaccine, a hierarchical testing strat-
egy with Bonferroni-Holm adjustment was performed. We 
defined 2 levels of hypotheses, treated the first as a “gatekeeper” 
and tested the second level of hypotheses only if 1 or more gate-
keeper hypotheses were rejected. All hypotheses defined later 
were formulated as superiority of the first named over the second 
measured as absolute differences in vaccine response rates at day 
28 (1-sided tests). The first level of hypotheses comprised the 
comparison of both interventional vaccines together against stan-
dard vaccine (H1, significance level α = 2.5%) and high-dose 
alone against standard vaccine (H2, α = 5%). Comparisons of 
MF59-adjuvanted against standard (H3, α = 2.5%) and high-dose 
versus MF59-adjuvanted vaccine (H4, α = 5%) were defined on 
the second level of hypotheses. We used a linear mixed model 
to analyze predictors of vaccine response with transplantation 
center as a random intercept. Secondary analysis included the 
comparison of the proportion of participants with clinical or sub-
clinical PCR-confirmed influenza at day 180 and of additional im-
munogenicity parameters among the 3 groups. Safety analysis was 

Figure 1. Trial profile.   
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performed in all participants who received the allocated treatment 
(modified intention-to-treat [mITT]). Analysis was performed 
using R version 3.6.2 (R Foundation for Statistical Computing, 
Vienna, Austria). 

RESULTS 

Study Population 

Between October 2018 and December 2019, 2245 SOT recipi-
ents were assessed for eligibility, 619 were randomized, and 
616 received the standard (n = 204), the MF59-adjuvanted 
(n = 209), or the high-dose (n = 203) vaccines and were includ-
ed in the mITT population (Figure 1). Serum for HAI titers 
analysis was obtained in 598 participants: standard (n = 198), 
MF59-adjuvanted (n = 205), and high-dose (n = 195) groups 
(per protocol population, Figure 1). Characteristics of the par-
ticipants are shown in Table 1. Most of the participants were 
male with a median age of 58 years. Sixty-eight percent of par-
ticipants were kidney transplant recipients and median time af-
ter transplantation was 42 months. Of the 616 participants, 434 
(71%) were on tacrolimus, 476 (77%) on mycophenolate, and 

Table 1. Baseline Characteristics of the Participants Included in the Modified Intention-to-Treat Population   

Standard Vaccine (n = 204) MF59-Adjuvanted Vaccine (n = 209) High-Dose Vaccine (n = 203)  

Age, median (IQR)  58 (49, 65)  57 (45, 64)  56 (47, 66) 

Sex (male), n (%)  150 (74)  148 (71)  139 (69) 

Months after transplantation, median (IQR)  30 (11, 108)  49 (11, 109)  57 (12, 120) 

Less than 1 year after transplantation, n (%)  57 (28)  56 (27)  52 (26) 

Transplanted organ           

Kidney  140 (69)  140 (67)  136 (67)  

Liver  44 (22)  43 (21)  29 (14)  

Heart  10 (5)  10 (5)  16 (8)  

Lung  6 (3)  6 (3)  13 (6)  

Pancreas  1 (0.5)  2 (1)  4 (2)  

Combineda  3 (2)  8 (4)  5 (3) 

Previous transplantation  21 (10)  26 (13)  20 (10) 

Induction immunosuppressionb, n (%)           

ATG  25 (13)  28 (14)  27 (14)  

Basiliximab  116 (59)  96 (47)  90 (47)  

Other  34 (17)  36 (17)  22 (11) 

Maintenance immunosuppression, n (%)           

Tacrolimus  145 (71)  148 (71)  141 (70)  

Cyclosporin  37 (18)  40 (19)  44 (22)  

Mycophenolate  165 (81)  161 (77)  150 (74)  

Azathioprine  7 (3)  8 (4)  21 (10)  

mTOR inhibitor  20 (10)  22 (11)  14 (7)  

Prednisone  119 (58)  136 (65)  120 (59)  

Other  5 (3)  8 (4)  4 (2) 

Influenza vaccine in the previous seasonc, n (%)  169 (83)  176 (84)  166 (82) 

Previous influenza vaccined, n (%)  178 (87)  190 (91)  177 (88) 

Abbreviations: ATG, antithymocyte globulins; IQR, interquartile range; mTOR, mechanistic target of rapamycin.  
aIncluding 8 kidney-pancreas, 4 kidney-liver, 3 kidney-heart, and 1 kidney-lung transplant recipients.  
bInduction immunosuppression was missing for 77 participants.  
cInfluenza vaccine during the previous season was unknown for 13 participants.  
dPrevious influenza vaccine was unknown for 14 participants.  

Table 2. Primary Outcome for Patients Receiving the High-Dose, 
MF59-Adjuvanted and Standard Influenza Vaccines in the Per-Protocol 
Population   

Vaccine  
Response  

Rate 
Risk 

Difference 
P 

Value  

High-dose and 
MF59-adjuvanted  
versus standard  
vaccinea 

63% (251/400) 
versus 42% 
(84/198) 

0.20 (97.5% 
CI, .12–1)  

<.001 

High-dose versus standard 
vaccinea 

66% (129/195) 
versus 42% 
(84/198) 

0.24 (95% CI, 
.16–1)  

<.001 

MF59-adjuvanted  
versus standard  
vaccineb 

60% (122/205) 
versus 42% 
(84/198) 

0.17 (97.5% 
CI, .08–1)  

<.001 

High-dose versus 
MF59-adjuvanted  
vaccineb 

66% (129/195) 
versus 60% 
(122/205) 

0.07 (95% CI, 
−.01 to 1)  

.085 

Abbreviation: CI, confidence interval.  
aFirst-level hypothesis.  
bSecond-level hypothesis. A 2-level hierarchical test procedure for differences in response 
rates to the vaccine at day 28 postvaccination was applied. The tests for the hypotheses at 
the first level served as “gatekeepers.” The second-level hypotheses were only tested if 2 
or more gatekeeper null hypotheses were rejected.   

Influenza Vaccine Trial in SOT • CID • 5  

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciad477/7242942 by Bibliotheque N

ationale et U
niversitaire de Strasbourg user on 18 January 2024



375 (61%) on steroids. Overall, 511/616 (83%) participants re-
ceived influenza vaccination during the previous season. 

Primary Outcome 

Vaccine response at 28 days occurred in 84 of 198 participants 
(42%) in the standard vaccine group, 122 of 205 (60%) in the 
MF59-adjuvanted vaccine group, and 129 of 195 (66%) in the high- 
dose vaccine group. Difference in vaccine response rate was 0.20 
(97.5% confidence interval [CI], .12–1; P < .001) in the interven-
tion vaccine groups versus standard vaccine group, 0.24 (95% CI, 
.16–1; P < .001) in the high-dose versus standard vaccine group, 

and 0.17 (97.5% CI, .08–1; P < .001) in the MF59-adjuvanted ver-
sus standard vaccine group (Table 2). No difference was observed 
between the high-dose and MF59-adjuvanted vaccines (difference 
0.07; 95% CI, −.01–1; P = .085). 

Secondary Outcomes 

Other immunogenicity parameters are illustrated in Table 3 and 
in Supplementary Figure 1. GMT titers and seroconversion rates 
for each viral strain were generally higher in the intervention vac-
cine groups at day 28 (seroconversion rates ranging from 25% to 
57% depending on the vaccine strain) compared with the standard 

Table 3. Immunogenicity of the Influenza Vaccine in the Per-Protocol Population   

Standard (n = 198) MF59-Adjuvanted (n = 205) High-Dose (n = 195)  

Anti-influenza antibody titers, GMTs (95% CI)           

H1N1            

Baseline  30.58 (25.7–36.38)  32.22 (27.11–38.28)  24.95 (20.84–29.88)   

Day 28  53.91 (45.45–63.94)  76.56 (64.38–91.04)  85.96 (70.97–104.13)   

Day 180a  39.78 (33.37–47.43)  56.81 (47.63–67.77)  50.36 (42.02–60.37)  

H3N2            

Baseline  13.01 (11.01–15.39)  12.04 (10.43–13.91)  11.17 (9.62–12.98)   

Day 28  32.34 (26.48–39.5)  50.85 (41.68–62.04)  56.11 (44.61–70.58)   

Day 180a  25.09 (20.7–30.41)  29.13 (24.43–34.74)  32.72 (26.51–40.37)  

B            

Baseline  11.8 (10.13–13.74)  12.29 (10.56–14.31)  10.48 (9.01–12.19)   

Day 28  18.53 (15.57–22.06)  24.17 (20.41–28.62)  25.95 (21.92–30.71)   

Day 180a  14.19 (12.1–16.65)  17.14 (14.61–20.1)  18.14 (15.53–21.18) 

Seroconversion rates at day 28, n (%)           

H1N1  34 (17)  55 (27)  91 (47)  

H3N2  69 (35)  106 (52)  111 (57)  

B  25 (13)  52 (25)  63 (32) 

Seroconversion rates at day 180, n (%)           

H1N1  21 (11)  36 (19)  53 (28)  

H3N2  51 (27)  68 (35)  87 (46)  

B  7 (4)  23 (12)  37 (20) 

Seroconversion factors at day 28, GMTs (95% CI)           

H1N1  1.76 (1.55–2)  2.38 (2.08–2.72)  3.45 (2.89–4.11)  

H3N2  2.48 (2.14–2.88)  4.22 (3.51–5.07)  5.02 (4.09–6.16)  

B  1.57 (1.43–1.72)  1.97 (1.75–2.21)  2.48 (2.14–2.86) 

Seroconversion factors at day 180, GMTs (95% CI)           

H1N1  1.32 (1.19–1.46)  1.65 (1.45–1.87)  2.03 (1.75–2.35)  

H3N2  1.96 (1.71–2.26)  2.39 (2.06–2.77)  2.85 (2.41–3.37)  

B  1.21 (1.13–1.3)  1.36 (1.25–1.49)  1.69 (1.52–1.89) 

Seroprotection rates, n (%)           

H1N1            

Baseline  126 (64)  129 (63)  100 (51)   

Day 28  159 (80)  174 (85)  162 (83)   

Day 180a  140 (73)  153 (80)  136 (72)  

H3N2            

Baseline  60 (30)  55 (27)  52 (27)   

Day 28  122 (62)  146 (71)  139 (71)   

Day 180a  99 (52)  116 (60)  107 (57)  

B            

Baseline  49 (25)  63 (31)  48 (25)   

Day 28  80 (40)  109 (53)  110 (56)   

Day 180a  61 (32)  83 (43)  83 (44) 

Abbreviations: CI, confidence interval; GMT, geometric mean titer.  
aSerum samples were missing at day 180 for 27 of the participants (7 in the standard, 13 in the adjuvanted, and 7 in the high-dose vaccine group, respectively).   
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vaccine group (13% to 35%). Seroprotection rates at day 28 were 
also higher in the intervention vaccine groups. Prespecified pre-
dictors of vaccine response are shown in Supplementary Table 3. 

Microbiologically confirmed influenza occurred in 35/598 
(6%) participants, without differences between groups 
(Table 4). Of the 35 episodes of influenza, 23 (66%) were diag-
nosed only through surveillance testing. All 9 episodes diag-
nosed during routine clinical practice were treated with 
oseltamivir. Among those, 2 participants had bacterial pneu-
monia and were admitted to the hospital (1 in the 
MF59-adjuvanted vaccine group and 1 in the high-dose vaccine 
group). None of the participants was admitted to the intensive 
care unit or died because of influenza. 

Safety 

All 3 vaccines were safe and well tolerated. During the first 7 
days after vaccination, solicited adverse events occurred in 
121/204 participants (59%) in the standard vaccine group, 
177/209 (84%) in the MF59-adjuvanted vaccine group, and 
175/203 (86%) in the high-dose vaccine group (Table 5). 
Most of the solicited adverse events were mild and self-limited 
(Supplementary Table 4). Serious adverse events occurred in 
48/204 (24%) participants in the standard, 28/209 (13%) in 
the MF59-adjuvanted, and 34/203 (17%) in the high-dose vac-
cine groups. Only 1 of those serious adverse events was corre-
lated with vaccination (panniculitis 3 days after high-dose 

vaccination). Rates of de novo anti-HLA antibodies and biopsy 
proven acute rejection were low among all vaccine groups 
(Table 5). Two patients died during follow-up of a cause not re-
lated with vaccination or influenza (1 suicide and 1 sudden 
death). 

DISCUSSION 

In this randomized clinical trial, we found that SOT recipients 
receiving the MF59-adjuvanted and high-dose vaccines had a 
higher humoral response than patients receiving the standard 
influenza vaccine. All vaccines were well-tolerated, and we 
did not observe differences in anti-HLA antibodies or acute re-
jection after vaccination between groups. The overall incidence 
of clinical and subclinical influenza was comparable between 
groups. 

Our results are in accordance with previous studies demon-
strating improved humoral responses to the high-dose and 
MF59-adjuvanted vaccines in the elderly [11, 21, 22]. 
However, evidence for a benefit of these alternative vaccination 
strategies specifically in the transplant population is weaker, 

Table 4. Episodes of Microbiologically Confirmed Influenza Included in 
the Per-Protocol Population   

Standard 
Vaccine  
(n = 198) 

MF59-Adjuvanted 
Vaccine (n = 205) 

High-Dose 
Vaccine  
(n = 195)  

Patients with influenza, n (%)  11 (6)  11 (5)  13 (7) 

Median days from 
vaccination to influenza 
(IQR)  

91 (89, 106)  70 (66, 89)  96 (68, 103) 

Viral strain           

A H1N1  5 (3)  5 (2)  4 (2)  

A nonspecified  4 (2)  5 (2)  5 (3)  

B  2 (1)  1 (0.5)  4 (2) 

Influenza season           

2018/2019  5 (3)  6 (3)  5 (3)  

2019/2020  6 (3)  5 (2)  8 (4) 

Symptomatic influenza, (%)  8 (4)  8 (4)  10 (5) 

Diagnosed by surveillance 
PCRa, n (%)  

10 (5)  7 (3)  9 (5) 

Clinical outcomes           

Viral pneumonia, n (%)  0 (0)  0 (0)  0 (0)  

Bacterial pneumonia, n (%)  0 (0)  1 (0.5)  1 (0.5)  

Hospital admission, n (%)  0 (0)  1 (0.5)  1 (0.5)  

ICU admission, n (%)  0 (0)  0 (0)  0 (0) 

Abbreviations: ICU, intensive care unit; IQR, interquartile range; PCR, polymerase chain 
reaction.  
aInfluenza was diagnosed both during routine practice and surveillance PCR in 3 participants.  

Table 5. Reactogenicity and Safety of Influenza Vaccines in the Modified 
Intention-to-Treat Population 

Events, n (%) 

Standard 
Vaccine  
(n = 204) 

MF59-Adjuvanted 
Vaccine (n = 209) 

High-Dose 
Vaccine  
(n = 203)  

Any solicited adverse event,  
n (%)  

121 (59)  177 (84)  175 (86) 

Local solicited adverse event,  
n (%)           

Pain  45 (22)  106 (51)  84 (41)  

Redness  16 (8)  26 (12)  23 (11)  

Swelling  22 (11)  36 (17)  29 (14) 

Systemic solicited adverse 
event, n (%)           

Arthralgia  19 (9)  26 (12)  21 (10)  

Fatigue  55 (27)  60 (29)  66 (33)  

Fever  5 (2)  12 (6)  15 (7)  

Headache  31 (15)  37 (18)  50 (25)  

Myalgia  29 (14)  33 (16)  38 (19)  

Nausea  8 (4)  12 (6)  22 (11)  

Vomiting  2 (1)  2 (1)  7 (3) 

Serious adverse events, n (%)  48 (24)  28 (13)  34 (17)  

Vaccine-related serious 
adverse events  

0 (0)  0 (0)  1 (0.5) 

Biopsy-proven acute rejection, 
n (%)  

5 (2)  1 (0.5)  3 (1) 

De novo anti-HLA antibodies,  
n (%)           

Class I  4 (2)  7 (3)  5 (2)  

Class II  1 (0.5)  4 (2)  1 (0.5)  

Class I and Class II  3 (1)  3 (1)  2 (1) 

Death  0 (0)  2 (1)  0 (0) 

Adverse events were evaluated in the 616 participants included in the modified 
intention-to-treat population.  

Abbreviation: HLA, human leukocyte antigen.   
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relying only on small clinical trials. In 1 trial enrolling 166 SOT 
recipients, vaccine responses were significantly higher in the 
high-dose (79%) compared with the standard-dose vaccine 
group (53%) [14]. In additional studies, a trend toward in-
creased immunogenicity was observed with a double-dose or 
a high-dose vaccine [20, 23]. The immunogenicity of the 
MF59-adjuvanted was also compared with the standard influ-
enza vaccine in 2 clinical trials, with no significant differences 
despite a trend toward increased immunogenicity [13, 24]. 
Overall, our trial provides the most robust evidence so far on 
the improved immunogenicity of the high-dose and 
MF59-adjuvanted vaccines in SOT recipients. 

We asked study participants to systematically perform naso-
pharyngeal swabs during the influenza seasons. We observed a 
higher incidence of breakthrough influenza (6%), with most in-
fections detected through systematic screening. This is an im-
portant difference with previous trials performed in the 
transplant population in which the low incidence of influenza 
(1.0%–1.8%) precluded any analysis of the clinical efficacy 
[13, 14, 25]. Despite higher antibody titers observed in the in-
tervention vaccines arms, we did not observe differences in 
the incidence of influenza. This can be explained by the fact 
that a large proportion (83%) of the patients included in the tri-
al have received previous influenza vaccination, so that some of 
these patients may have some degree of baseline protection 
against disease, in particular for severe complications of influ-
enza, but not for mild upper respiratory tract infection. Also, 
although this is 1 of the largest trials performed in transplant 
recipients, a larger sample size might have been necessary to de-
tect a small effect of the intervention on breakthrough influen-
za, as observed with the high-dose vaccine in the elderly [11]. 
Finally, it is unlikely that the lack of improved efficacy of inter-
vention vaccines is explained by the additional protection 
against B strain (Yamagata lineage) that was included only in 
the quadrivalent standard vaccine because influenza B/ 
Yamagata strains were not detected in Switzerland and Spain 
during the study period. This is in line with the observed de-
crease in the incidence of influenza B/Yamagata in the context 
of the coronavirus disease 2019 pandemic [26]. Related to that, 
both MF59-adjuvanted and high-dose quadrivalent influenza 
vaccines are now available and approved in people aged 65 
years or older [27]. 

Overall, the 3 vaccines were safe and well tolerated. As previ-
ously observed, vaccine reactogenicity, particularly pain at injec-
tion site, was more common with the MF9-adjuvanted and the 
high-dose vaccines, and most of the adverse events were mild 
and spontaneously resolving [13, 14, 28]. We did not observe 
any significant allograft-related adverse outcomes with the use 
of the MF59-adjuvanted or the high-dose vaccines, confirming 
the safety of influenza vaccination in this population [29, 30]. 

We identified several known variables associated with 
higher likelihood of vaccine response in our population. 

These variables include liver and pancreas transplantation, 
vaccination occurring ≥12 months posttransplant, an immu-
nosuppressive regimen without mycophenolate, and absence 
of vaccination in the previous season. Regarding the latter 
variable, 1 possible explanation is that higher baseline anti-
body titers might hinder the achievement of a 4-fold increase 
in antibody titers after vaccination [31]. Of note, the control 
group had a shorter median time from transplantation to en-
rollment. Nevertheless, the percentage of patients vaccinated 
during the first year after transplantation was comparable be-
tween groups because randomization was stratified based on 
the time posttransplant. 

Our trial has several limitations. First, the primary outcome 
of the trial was vaccine immune response and not clinical effi-
cacy, which would have required a much larger sample size. 
Second, we did not measure influenza specific cell-mediated 
immunity for assessing the primary outcome. Although cell- 
mediated immunity may be a more accurate marker for protec-
tion against severe disease, measurement of HAI titers is widely 
used as a marker for vaccine response in most clinical trials 
[32]. Finally, kidney transplant recipients after transplantation 
were overrepresented in the trial, so that the results of the study 
may not be extrapolated to all transplant populations. 

In conclusion, in SOT recipients the use of the 
MF59-adjuvanted and the high-dose influenza vaccines result-
ed in a higher vaccine response compared with the standard 
vaccine without safety concerns. Despite uncertainty regarding 
clinical outcomes, our results provide evidence suggesting that 
these vaccines are preferable to the standard vaccine for pre-
venting influenza in SOT recipients. 

Supplementary Data 
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materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding 
author. 

Notes 
Author contributions. M. M., M. P., C. B., N. J. M., A. E., C. v. D., and 

O. M. conceived and designed the study. D. N., U. H. D., J. G. C., D. G., 
S. D., G. S., A. S., C. G., R. M. V., L. M., M. S., L. W., C. H., A. M., 
M. D., J. D. A., J. S., T. F. M., M. C., I. B., J. V., E. C., and C. v. D. were re-
sponsible for the acquisition of data. M. M., S. S., M. K., and 
O. M. performed the analyses and interpreted the results in collaboration 
with all other authors. M. M. and O. M. wrote the first draft of the report. 
All authors critically revised the report for important intellectual content 
and approved the final version. 

Acknowledgments. The authors gratefully acknowledge Aurelie Fayet, 
PhD, for the excellent work as national project manager; Rita 
Ackermann, PhD, for initial statistical analysis concept; Lukas 
Kaufmann, Mohameedyaseen Syedbasha, and Alexander Gentsch for the 
hemagglutinin-inhibition titer measurements; Valerie Courtet, Selda 
Turan, Daniel Gander, and Daniel Goldenberger for performing the influ-
enza polymerase chain reaction; and Christian Benden, MD. They also 
thank the members of the clinical coordinating centers: Vanessa 
Grassedonio (Basel); Ruth Kober, Janine Stricker (Bern); Petra Gadient  

8 • CID • Mombelli et al  

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciad477/7242942 by Bibliotheque N

ationale et U
niversitaire de Strasbourg user on 18 January 2024

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciad477#supplementary-data


(Chur); Caroline Brossier (Geneva); Mandy Errera, Laura Molinari, Dora 
Silva (Lausanne); Paola Messina (Lugano); Judith Berastegui-Cabrera, 
Nieves García-Carrera, Carmen Infante, Silvia Jiménez-Jorge, Macarena 
López-Verdugo, Rosario Mesones, and Clara Rosso-Fernández (Seville); 
Martina Ebersberger, Silvia Rothlin (St. Gallen); and Nathalie Bodri, 
Elisabeth Samland, Silviya Cantatore (Zurich). 

Data sharing statement. Deidentified, individual participant data that 
underlie this article, along with a data dictionary describing variables in 
the dataset, are available to researchers whose proposed purpose of use is 
approved by the Scientific Committee of the Swiss Transplant Cohort 
Study. Related documents such as the study protocol and informed consent 
form will be made available on request. To request the dataset, please send a 
signed data request form to oriol.manuel@chuv.ch. 

Financial support. Swiss National Science Foundation (SNSF) through 
the Investigator Initiated Clinical Trial program, grant 33IC30_173545/1. 

Potential conflicts of interest. O. M. reports receiving grants from 
Lophius Bioscience and participated in advisory boards of Takeda and 
MSD. N. J. M. reports receiving grants from the Swiss Transplant Cohort 
Study, receiving support for attending a meeting by Biotest, and participat-
ing in the board of the Swiss Society for Infectious Diseases. All other au-
thors report no potential conflicts. 

All authors have submitted the ICMJE Form for Disclosure of Potential 
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed. 

References 
1. Iuliano AD, Roguski KM, Chang HH, et al. Estimates of global seasonal 

influenza-associated respiratory mortality: a modelling study. Lancet 2018; 391: 
1285–300. 

2. Collins JP, Campbell AP, Openo K, et al. Outcomes of immunocompromised 
adults hospitalized with laboratory-confirmed influenza in the United States, 
2011–2015. Clin Infect Dis 2020; 70:2121–30. 

3. Helantera I, Gissler M, Rimhanen-Finne R, et al. Epidemiology of laboratory- 
confirmed influenza among kidney transplant recipients compared to the general 
population—a nationwide cohort study. Am J Transplant 2021; 21:1848–56. 

4. Kumar D, Ferreira VH, Blumberg E, et al. A 5-year prospective multicenter eval-
uation of influenza infection in transplant recipients. Clin Infect Dis 2018; 67: 
1322–9. 

5. Mombelli M, Lang BM, Neofytos D, et al. Burden, epidemiology, and outcomes of 
microbiologically confirmed respiratory viral infections in solid organ transplant 
recipients: a nationwide, multi-season prospective cohort study. Am J Transplant 
2021; 21:1789–800. 

6. Manuel O, Estabrook M. American Society of Transplantation Infectious Diseases 
Community of Practice. RNA respiratory viral infections in solid organ transplant 
recipients: guidelines from the American Society of Transplantation Infectious 
Diseases Community of Practice. Clin Transplant 2019; 33:e13511. 

7. Birdwell KA, Ikizler MR, Sannella EC, et al. Decreased antibody response to in-
fluenza vaccination in kidney transplant recipients: a prospective cohort study. 
Am J Kidney Dis 2009; 54:112–21. 

8. Manuel O, Pascual M, Hoschler K, et al. Humoral response to the influenza A 
H1N1/09 monovalent AS03-adjuvanted vaccine in immunocompromised pa-
tients. Clin Infect Dis 2011; 52:248–56. 

9. Mulley WR, Visvanathan K, Hurt AC, et al. Mycophenolate and lower graft func-
tion reduce the seroresponse of kidney transplant recipients to pandemic H1N1 
vaccination. Kidney Int 2012; 82:212–9. 

10. Egli A, Santer D, Barakat K, et al. Vaccine adjuvants—understanding molecular 
mechanisms to improve vaccines. Swiss Med Wkly 2014; 144:w13940. 

11. DiazGranados CA, Dunning AJ, Kimmel M, et al. Efficacy of high-dose versus 
standard-dose influenza vaccine in older adults. N Engl J Med 2014; 371:635–45. 

12. Mannino S, Villa M, Apolone G, et al. Effectiveness of adjuvanted influenza vac-
cination in elderly subjects in northern Italy. Am J Epidemiol 2012; 176:527–33. 

13. Kumar D, Campbell P, Hoschler K, et al. Randomized controlled trial of adju-
vanted versus nonadjuvanted influenza vaccine in kidney transplant recipients. 
Transplantation 2016; 100:662–9. 

14. Natori Y, Shiotsuka M, Slomovic J, et al. A double-blind, randomized trial of high- 
dose vs standard-dose influenza vaccine in adult solid-organ transplant recipients. 
Clin Infect Dis 2018; 66:1698–704. 

15. Pollok M, Geiger H, Floege J, et al. Increased immunogenicity with an 
MF59-adjuvanted influenza vaccine (FLUAD®) compared with a conventional 
subunit vaccine (Agrippal®) in renal transplant recipients. Int Congr Ser 2004; 
1263:453–6. 

16. Kaufmann L, Syedbasha M, Vogt D, et al. An optimized hemagglutination inhi-
bition (HI) assay to quantify influenza-specific antibody titers. J Vis Exp 2017; 
130:e55833. 

17. Linnik J, Syedbasha M, Hollenstein Y, Halter J, Egli A, Stelling J. Model-based in-
ference of neutralizing antibody avidities against influenza virus. PLoS Pathog 
2022; 18:e1010243. 

18. Linnik J, Syedbasha M, Kaltenbach HM, et al. Association of host factors with an-
tibody response to seasonal influenza vaccination in allogeneic hematopoietic 
stem cell transplant patients. J Infect Dis 2022; 225:1482–93. 

19. Committee for Proprietary Medicinal Products (CPMP). Note for guidance on 
harmonisation of requirements for influenza vaccines. Brussels, Belgium: 
European Agency for the Evaluation of Medicinal Products, 1997. 

20. Mombelli M, Rettby N, Perreau M, Pascual M, Pantaleo G, Manuel O. 
Immunogenicity and safety of double versus standard dose of the seasonal influ-
enza vaccine in solid-organ transplant recipients: a randomized controlled trial. 
Vaccine 2018; 36:6163–9. 

21. Cowling BJ, Perera R, Valkenburg SA, et al. Comparative immunogenicity of sev-
eral enhanced influenza vaccine options for older adults: a randomized, controlled 
trial. Clin Infect Dis 2020; 71:1704–14. 

22. Falsey AR, Treanor JJ, Tornieporth N, Capellan J, Gorse GJ. Randomized, double- 
blind controlled phase 3 trial comparing the immunogenicity of high-dose and 
standard-dose influenza vaccine in adults 65 years of age and older. J Infect Dis 
2009; 200:172–80. 

23. GiaQuinta S, Michaels MG, McCullers JA, et al. Randomized, double-blind com-
parison of standard-dose vs. high-dose trivalent inactivated influenza vaccine in 
pediatric solid organ transplant patients. Pediatr Transplant 2015; 19:219–28. 

24. Magnani G, Falchetti E, Pollini G, et al. Safety and efficacy of two types of influ-
enza vaccination in heart transplant recipients: a prospective randomised con-
trolled study. J Heart Lung Transplant 2005; 24:588–92. 

25. Cordero E, Roca-Oporto C, Bulnes-Ramos A, et al. Two doses of inactivated in-
fluenza 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. 

26. Paget J, Caini S, Del Riccio M, van Waarden W, Meijer A. Has influenza B/ 
Yamagata become extinct and what implications might this have for quadrivalent 
influenza vaccines? Euro Surveill 2022; 27:2200753. 

27. Grohskopf LA, Blanton LH, Ferdinands JM, et al. Prevention and control of sea-
sonal influenza with vaccines: recommendations of the Advisory Committee on 
Immunization Practices—United States, 2022–23 influenza season. MMWR 
Recomm Rep 2022; 71:1–28. 

28. Cowling BJ, Thompson MG, Ng TWY, et al. Comparative reactogenicity of en-
hanced influenza vaccines in older adults. J Infect Dis 2020; 222:1383–91. 

29. Cordero E, Bulnes-Ramos A, Aguilar-Guisado M, et al. Effect of influenza vacci-
nation inducing antibody mediated rejection in solid organ transplant recipients. 
Front Immunol 2020; 11:1917. 

30. Santos G D, Haguinet F, Cohet C, et al. Risk of solid organ transplant rejection 
following vaccination with seasonal trivalent inactivated influenza vaccines in 
England: a self-controlled case-series. Vaccine 2016; 34:3598–606. 

31. Beyer WE, Palache AM, Luchters G, Nauta J, Osterhaus AD. Seroprotection rate, 
mean fold increase, seroconversion rate: which parameter adequately expresses 
seroresponse to influenza vaccination? Virus Res 2004; 103(1–2):125–32. 

32. Janssens Y, Joye J, Waerlop G, Clement F, Leroux-Roels G, Leroux-Roels I. The 
role of cell-mediated immunity against influenza and its implications for vaccine 
evaluation. Front Immunol 2022; 13:959379.   

Influenza Vaccine Trial in SOT • CID • 9  

D
ow

nloaded from
 https://academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciad477/7242942 by Bibliotheque N

ationale et U
niversitaire de Strasbourg user on 18 January 2024

mailto:oriol.manuel@chuv.ch

	Immunogenicity of High-Dose Versus MF59-Adjuvanted Versus Standard Influenza Vaccine in Solid Organ Transplant Recipients: The Swiss/Spanish Trial in Solid Organ Transplantation on Prevention of Influenza �(STOP-FLU Trial)
	METHODS
	Study Design
	Participants
	Randomization and Masking
	Procedures
	Outcomes
	Statistical Analysis

	RESULTS
	Study Population
	Primary Outcome
	Secondary Outcomes
	Safety

	DISCUSSION
	Supplementary Data
	Notes
	References


