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ABSTRACT
Objective: To assess the risk of solid organ transplant
(SOT) rejection after vaccination with the adjuvanted
(AS03) A/H1N1 2009 pandemic influenza vaccine
Pandemrix.
Design: Self-controlled case series (SCCS) in the UK
Clinical Practice Research Datalink (CPRD) and its
linked component of the Hospital Episodes Statistics
(HES) inpatient database. Analyses were conducted
using the SCCS method for censored, perturbed or
curtailed post-event exposure.
Participants: Of the 184 transplant recipients having
experienced at least one SOT rejection (liver, kidney,
lung, heart or pancreas) during the study period from
1 October 2009 to 31 October 2010, 91 participants
were included in the main analysis, of which 71 had
been exposed to Pandemrix.
Main outcome measures: Occurrence of SOT
rejection during risk (30 and 60 days after any
Pandemrix dose) and control periods. Covariates in
the CPRD included time since transplantation,
seasonal influenza vaccination, bacterial and viral
infections, previous SOT rejections and
malignancies.
Results: The relative incidence (RI) of rejection of
any one of the five transplanted organs, adjusted for
time since transplantation, was 1.05 (95% CI 0.52
to 2.14) and 0.80 (95% CI 0.42 to 1.50) within 30
and 60 days after vaccination, respectively. Similar
estimates were observed for rejection of a kidney
only, the most commonly transplanted organ (RI
within 30 days after vaccination: 0.85 (95% CI 0.38
to 1.90)). Across various models and sensitivity
analyses, RI estimates remained stable and within a
consistent range around 1.0.
Conclusions: These results suggest a reassuring
safety profile for Pandemrix with regard to the risk
of rejection in SOT recipients in England and
contribute to inform the benefit–risk of AS03-
adjuvanted pandemic influenza vaccines in
transplanted patients in the event of future
pandemics.
Trial registration number: NCT01715792.

INTRODUCTION
Solid organ transplant (SOT) rejection is a
major cause of graft failure in transplanted
patients. Owing to the increased risk of compli-
cations associated with the influenza virus infec-
tion, transplant recipients are a high-risk group
recommended for influenza vaccination.1–4

Following the WHO’s declaration of a pan-
demic in June 2009, vaccines against pandemic
influenza A/H1N1 were developed, with spe-
cific pharmacovigilance monitoring implemen-
ted by vaccine manufacturers. Spontaneous
cases of SOT rejection in temporal association
with GSK Vaccines’ inactivated monovalent
AS03-adjuvanted A/H1N1 2009 influenza vac-
cines Pandemrix and ArepanrixTM (registered

Strengths and limitations of this study

▪ First pharmacoepidemiological analysis to for-
mally assess the risk of solid organ transplant
rejection following vaccination with an adju-
vanted H1N1 2009 pandemic influenza vaccine.

▪ The data set combines vaccine exposure and
covariate data from the Clinical Practice Research
Datalink (CPRD) and linked clinical outcome data
from the Hospital Episodes Statistics (HES) data-
base, maximising the likelihood of capturing and
characterising transplant rejection cases.

▪ The analysis uses the self-controlled case series
for perturbed post-event exposure that handles
fixed measured and unmeasured confounders
while taking into account that the occurrence of
rejection might modify the probability of being
vaccinated.

▪ Availability or completeness of covariate data for
rejection risk factors other than vaccination is
limited in the CPRD.

▪ Other limitations include uncertainty on the dur-
ation of the risk period and limited generalisabil-
ity to solid organs other than the kidney.
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trademarks of the GSK group of companies) were reported
in Europe and Canada, respectively. The majority of these
case reports described the presence of risk factors (eg, non-
compliance with immunosuppressive regimen, acute infec-
tion, cyclosporine nephropathy, prior rejection episodes)
that may have caused or contributed to the rejection.5–7

Nonetheless, given that transplanted patients will remain a
high-risk priority group for immunisation with any future
pandemic influenza vaccine, the European Medicines
Agency (EMA) requested an evaluation of this safety signal,
including the present study.
Despite theoretical concerns that vaccination could

trigger rejection through induction of antihuman leuco-
cyte antigen (HLA) antibodies,8 most studies evaluating
the effect of seasonal influenza vaccination on the risk
of SOT rejection have shown no increased risk of allo-
graft dysfunction or clinical rejection.1 2 9–14 With regard
to the safety of pandemic H1N1 influenza vaccination in
transplanted patients, data are more scarce. The major-
ity of published studies are descriptive and simultan-
eously evaluate immunogenicity and the safety profile of
the vaccines in small case series. In most studies, there is
no increased risk of allograft dysfunction or clinical
rejection.2 15–25 However, some studies describe
increases in histological cellular rejection or de novo
detection of anti-HLA antibodies, with or without clin-
ical rejection or change in graft function.5–7 Recent
reviews of published studies of both seasonal and pan-
demic influenza vaccination of transplanted patients
conclude that there is clinical evidence that influenza
infection is more likely than vaccination to be associated
with a risk of allograft dysfunction. Despite some evi-
dence of transiently increased cellular alloreactivity,
influenza vaccination (pandemic and seasonal) is con-
sidered to have an acceptable safety profile in trans-
planted patients.1 2 23

To the best of our knowledge, there has been no previ-
ous pharmacoepidemiology study assessing the risk of
SOT rejection following vaccination with a 2009 A/H1N1
pandemic influenza vaccine. This Post-Authorisation
Safety Study (PASS) was therefore designed to conduct a
formal retrospective investigation of the association
between Pandemrix and SOTrejection. The study was con-
ducted in the UK, where Pandemrix was the primary
vaccine administered during the 2009 influenza
pandemic.26 27

METHODS
Settings
The study was based on the population registered in the
UK Clinical Practice Research Datalink (CPRD), a
nationally representative longitudinal coded anonymised
medical database containing data from approximately
680 primary care practices, and linked data from hos-
pital inpatient care.28–30 Since it was assumed that the
large majority of transplanted patients are followed in
specialty hospital settings and that a proportion of SOT

rejection events might not be recorded in the CPRD
primary care data, cases were identified via the linkage
between the CPRD and the Hospital Episodes Statistics
(HES) inpatient database, which contains patient details
and discharge diagnoses for all admissions to National
Health Service (NHS) hospitals in England (approxi-
mately 60% of the CPRD population are eligible for
HES linkage).31 32 The 2012-Q3 release of the CPRD
was used.

Vaccine exposure
The exposure of interest was vaccination with Pandemrix,
GSK Vaccines’ antigen-sparing A(H1N1)pmd09 split-
virion inactivated vaccine adjuvanted with an Adjuvant
System containing α-Tocopherol and squalene in an
oil-in-water emulsion (AS03). According to data from
the UK Department of Health based on the ImmForm
national survey, Pandemrix was used widely and in the
majority of targeted groups, with >99% of immunised
individuals having received this vaccine.33 34 Vaccination
with a seasonal trivalent influenza vaccine (TIV), a
potential confounder in the association between
Pandemrix and SOT rejection, was also assessed. The
occurrence and timing of pandemic and seasonal TIV
vaccinations were retrieved from the CPRD.

Study population
Eligible participants were SOT recipients with at least
one rejection of a transplanted heart, lung, kidney, liver
or pancreas recorded in the HES inpatient database
between 1 October 2009 and 31 October 2010, and con-
sidered acceptable for research in the CPRD (ie, with no
break in their records, and with information available
on year of birth, registration date and gender).30

Participants also had to have an HES and CPRD
follow-up covering the 180-day period preceding 1
October 2009 (ie, back to 4 April 2009) to contribute to
the analyses, with no interruption in their permanent
CPRD registration between 4 April 2009 and the end of
follow-up (ie, 31 October 2010, death or withdrawal
from the database).

Study design
We used the self-controlled case series (SCCS) method,
which relies on the within-person comparison of occur-
rence of outcomes of interest during risk and control
periods,35 36 thereby inherently controlling for fixed
measured and unmeasured confounding factors, includ-
ing confounding by indication. The choice of the risk
periods was based on the latency period observed in
spontaneous case reports; on the hypothesised risk
period following known exposures such as infections;
and on experience from post-vaccination risk windows
for adverse events following immunisation. The primary
objective was to assess the risk of rejection within 30 days
after vaccination with Pandemrix. In the absence of
strong supportive evidence for the duration of the risk
period, a 60-day period was also considered in sensitivity
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analyses. The study period ranged from 1 October 2009
to 31 October 2010, to include the H1N1 mass immun-
isation campaign and to allow sufficient follow-up time
for participants vaccinated late in the campaign.
Individual observation periods began either on 1
October 2009 or at the time of transplantation if it
occurred after 1 October 2009, and ended on 31
October 2010 or at a new transplantation event. The
control periods corresponded to the observation period
excluding the risk periods (figure 1).
Case-finding algorithms in the HES and the CPRD

were developed to identify events (transplantations and
rejections) and covariates of interest such as risk factors
for SOT rejection. Transplantations were detected in the
HES and the CPRD: each transplantation record in the
HES (OPCS procedure code) was considered a distinct
event; any transplantation code recorded in the CPRD
for the same participant within 14 days before or after
the HES event was considered the same transplantation
event; and a CPRD code constituted a distinct trans-
plantation event if it was separated by more than 14 days
from any other transplantation record in the HES or the
CPRD. Records of SOT rejections were identified in the
HES only, through ICD10 diagnosis codes and OPCS
procedure codes: records were considered as different
events if they were separated by more than 30 days or in
case of a new transplantation record between rejection
events. Vaccinations with Pandemrix or with a TIV were
identified in the CPRD by means of READ, immunisa-
tion and Product codes. Covariates of interest were
detected in the CPRD by means of READ codes.

Statistical analyses
We applied the SCCS method for censored, perturbed
or curtailed post-event exposure,37 which relies on the
assumption that the occurrence of an event—here, SOT
rejection—might modify a subsequent exposure—here,
the probability of being vaccinated. Under such a scen-
ario, only the first rejection was considered for each par-
ticipant, that is, individual observation periods were
censored at any subsequent rejection event.

Estimates of the relative incidence (RI) of SOT rejec-
tion were derived within 30 and 60 days following vaccin-
ation, as compared with the control period. A
preliminary feasibility assessment in the CPRD revealed
that the risk of SOT rejection consistently decreased with
increasing time since transplantation (data not shown).
Therefore, time since transplantation was included in all
models by categorising the baseline risk after transplant-
ation into four periods: 0–30, 31–90, 91–180 and
>180 days. Participants not exposed to Pandemrix during
the observation period were included in the analyses to
better control for time since transplantation and other
risk factor covariates.
Using the modified SCCS method, the RI was esti-

mated using unbiased estimating equations.37 A
Statistical Analysis Software (SAS) program was devel-
oped to derive the sandwich variance estimator from the
estimating equations in settings with multiple exposures
and covariates, given that the 95% CI could not be com-
puted using the nonparametric bootstrapping,37 as (1)
the rate of convergence among bootstrap samples was
low for some analyses and (2) part of the bootstrap
samples did not include covariates for which all partici-
pants were in the same category. A sandwich variance
estimator was used to obtain the Wald CI of the RI. RI
estimates were further adjusted in models including cov-
ariates, provided covariate information was available.
Assumptions were made to define the risk period for
each covariate: 30 days for vaccination with a TIV, and
for respiratory, opportunistic and acute bacterial infec-
tions; and 365 days for chronic infections and
malignancies.
The standard SCCS method38 was used as a sensitivity

analysis. An exploratory analysis restricted to participants
with no previous rejection during the 180 days prior to
the study period was also performed to evaluate the
effect of a previous rejection on the risk of a subsequent
rejection. Analyses were also performed by a trans-
planted organ, if a minimum of 10 rejection events were
observed for a given organ. Analyses were performed
using SAS V.9.2 (SAS Institute, Cary, North Carolina,
USA).39

Figure 1 Study design.
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RESULTS
Description of the study population
Between 1 October 2009 and 31 October 2010, a total of
245 SOT rejection events were reported in HES; from
these, 184 unique participants with follow-up including
1 October 2009 were identified, and of these, 79 had
been exposed to Pandemrix. The study data set included
71 exposed and 20 unexposed patients (figure 2). The
latter had a time period since transplantation lower than
180 days, and were included in the models to better
account for time since transplantation, as described in
the Methods section.
Since the SCCS method measures risk in exposed

cases only, it is important to assess the differences
between exposed and unexposed participants, that is,
would the observed effect be similar in the unexposed
group if the participants had been exposed? Table 1
shows the distribution of the main characteristics of the
79 exposed and 105 unexposed participants. Overall, the
mean age was 50.2 years, 45.7% participants were
female, and 5.4% died from any cause during the
follow-up. Twenty-three participants had at least one
rejection between 4 April 2009 and 1 October 2010. A
record of transplantation during this period was avail-
able for 36/184 patients (19.6%), and kidney was the
most frequently transplanted organ. Although this
patient population is at high risk of infectious diseases,
only a small proportion had records of infections. The
two groups did not differ with regard to covariates of
interest.

One and two doses of Pandemrix were administered to
62/79 and 17/79 exposed patients, respectively. A total
of 73 patients received both a TIV and Pandemrix: in the
2009–2010 season only (N=42); in the 2009–2010 and
early 2010–2011 seasons (N=29); and in the early 2010–
2011 season only (N=2). Twenty-eight participants
received a TIV within 4 weeks of a Pandemrix dose
administration. Figure 3 shows the distribution of rejec-
tion events and vaccinations throughout the study
period: the distribution of rejections appeared to
remain stable over time. The majority of vaccine doses
were administered between October 2009 and January
2010, consistent with the timing of the UK mass immun-
isation campaign.27

Risk estimates
RI estimates for SOT rejection associated with Pandemrix,
adjusted for time since transplantation, were 1.05 (95%
CI 0.52 to 2.14) and 0.80 (95% CI 0.42 to 1.50) within
30 and 60 days after vaccination, respectively (figure 4).
When covariates with available information (vaccination
with a TIV, opportunistic infections and malignancies/
cancers) were included in the model, the RI within 30
and 60 days after Pandemrix vaccination was 1.29 (95%
CI 0.63 to 2.63) and 0.91 (95% CI 0.49 to 1.70),
respectively.
In sensitivity analyses, we used the standard SCCS

method that does not account for perturbed post-event
exposure and thus included participants with SOT rejec-
tions subsequent to the rejection event captured in the

Figure 2 Disposition of study subjects. SOT, solid organ transplant; HES, Hospital Episodes Statistics database; CPRD,

Clinical Practice Research Datalink; SCCS, self-controlled case series; A/H1N1pdm09, AS03 adjuvanted A/California/7/2009 like

strain vaccine; N, number of participants. *Transplantation after vaccination: N=6 (including one with transplantation and rejection

on same day); second rejection before vaccination (N=1); included in SCCS as unexposed. **Second transplantation (after

rejection) before vaccination (N=1). *** Transplantation occurred before 4 April 2009, that is, before the 180 days preceding the

beginning of the study period (see figure 1).
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Table 1 Main characteristics of participants with SOT rejection during the study period (1 October 2009 to 31 October 2010)

Exposed participants

N=79

Unexposed participants

N=105

Total

N=184

Characteristics

Value

or n (%)

Value

or n (%)

Value

or n (%)

Age at 1 October 2009

Mean age (years)±SD

(minimum; maximum)

51.3±14.54

(9; 91)

49.3±21.58

(1; 89)

50.2±18.86

(1; 91)

Age group at 1 October 2009 (years)

(0–17) 3 (3.8) 9 (8.6) 12 (6.5)

(18–44) 20 (25.3) 33 (31.4) 53 (28.8)

(45–60) 32 (40.5) 31 (29.5) 63 (34.2)

61+ 24 (30.4) 32 (30.5) 56 (30.4)

Gender

Female 33 (41.8) 51 (48.6) 84 (45.7)

Male 46 (58.2) 54 (51.4) 100 (54.3)

Number of rejections between 4 April 2009 and 1 October 2009

None 70 (88.6) 91 (86.7) 161 (87.5)

At least one 9 (11.4) 14 (13.3) 23 (12.5)

Organs transplanted before or during the study period*

Heart 1 (1.3) 0 (0.0) 1 (0.5)

Kidney 9 (11.4) 10 (9.5) 19 (10.3)

Kidney and liver 0 (0.0) 2 (1.9) 2 (1.1)

Kidney and pancreas 2 (2.5) 0 (0.0) 2 (1.1)

Liver 3 (3.8) 6 (5.7) 9 (4.9)

Lung 2 (2.5) 0 (0.0) 2 (1.1)

Pancreas 1 (1.3) 0 (0.0) 1 (0.5)

No transplantation recorded 61 (77.2) 87 (82.9) 148 (80.4)

Organs rejected before or during the study period*

Heart 4 (5.1) 4 (3.8) 8 (4.3)

Kidney 56 (70.9) 39 (37.1) 95 (51.6)

Kidney and liver 0 (0.0) 1 (1.0) 1 (0.5)

Kidney and pancreas 1 (1.3) 0 (0.0) 1 (0.5)

Liver 7 (8.9) 11 (10.5) 18 (9.8)

Lung 4 (5.1) 1 (1.0) 5 (2.7)

Unspecified 7 (8.9) 49 (46.7) 56 (30.4)

Number of transplantations between 1 October 2009 and 31 October 2010

0 67 (84.8) 89 (84.8) 156 (84.8)

1 11 (13.9) 13 (12.4) 24 (13.0)

2 1 (1.3) 2 (1.9) 3 (1.6)

4 0 (0.0) 1 (1.0) 1 (0.5)

Respiratory infection(s) between 1 September 2009 and 31 October 2010

No 77 (97.5) 105 (100) 182 (98.9)

Yes 2 (2.5) 0 (0.0) 2 (1.1)

Acute bacterial infection(s) between 1 September 2009 and 31 October 2010

No 79 (100.0) 105 (100.0) 184 (100.0)

Yes 0 (0.0) 0 (0.0) 0 (0.0)

Opportunistic infection(s) between 1 September 2009 and 31 October 2010

No 73 (92.4) 103 (98.1) 176 (95.7)

Yes 6 (7.6) 2 (1.9) 8 (4.3)

Chronic viral infection(s) between 1 October 2008 and 31 October 2010

No 79 (100.0) 105 (100.0) 184 (100.0)

Yes 0 (0.0) 0 (0.0) 0 (0.0)

Malignancy/cancer(s) between 01 October 2008 and 31 October 2010

No 70 (88.6) 99 (94.3) 169 (91.8)

Yes 9 (11.4) 6 (5.7) 15 (8.2)

Reasons for end of follow-up

End of study period (31 October 2010) 74 (93.7) 94 (89.5) 168 (91.3)

Death 4 (5.1) 6 (5.7) 10 (5.4)

End of CRPD follow-up 1 (1.3) 5 (4.8) 6 (3.3)

*Each participant is classified in one category. All combinations are possible. Only transplantations and rejections between 4 April 2009 and
31 October 2010 are taken into account (see figure 1 for details of the various periods).
CPRD, Clinical Practice Research Datalink; n (%), number (percentage) of patients in the specified category; N, total number of patients;
SOT, solid organ transplant.
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main analysis. A total of 72 exposed patients were
included (only one additional participant was exposed
after a subsequent SOT rejection event), of whom 11
had experienced a rejection in the 30-day risk period,
and 18 in the 60-day risk period among 73 exposed
patients. The RI adjusted for time since transplantation
was 1.11 (95% CI 0.59 to 2.09) within 30 days after vac-
cination. When analyses were restricted to the 82

patients without previous SOT rejections, including 62
exposed patients, the RI within 30 days after Pandemrix
vaccination was 1.02 (95% CI 0.48 to 2.13).
The risk of rejection by organ could be assessed only

for the kidney in 97 participants, including 53 exposed.
The RI adjusted for time since transplantation was 0.85
(95% CI 0.38 to 1.90) and 0.68 (95% CI 0.33 to 1.40)
within 30 and 60 days after vaccination, respectively. The

Figure 3 Biweekly frequency of

Pandemrix vaccination and of

SOT rejection events during the

study period (1 October 2009 to

31 October 2010). SOT, solid

organ transplant.

Figure 4 RI of SOT rejection 30

and 60 days after vaccination with

Pandemrix, for all organs pooled,

adjusted for time since

transplantation and vaccination

with a TIV, opportunistic

infections, malignancies/cancer

(separately and in the same

model). SOT, solid organ

transplant; RI, relative incidence;

Ntot, total number of participants;

Nexp, number of exposed

participants; TST, time since

transplantation; SCCS,

self-controlled case series.

Seasonal influenza vaccine:

vaccination with a seasonal

trivalent influenza virus vaccine

(TIV), any brand. Opportunistic

infections: Cytomegalovirus,

Herpes simplex, Varicella zoster,

Epstein-Barr virus, Pneumocystis,

BK virus, Aspergillus,

Cryptococcus, Listeria, Nocardia,

Toxoplasma, Strongyloides,

Leishmania, Trypanosoma,

Candida.
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RI within 30 days after vaccination was 1.00 (95% CI
0.44 to 2.25) in the model adjusted for TIV administra-
tion and malignancies/cancers (information for other
covariates was not available).

DISCUSSION
Principal findings
To the best of our knowledge, this is the first study to
formally assess the association between an H1N1 pan-
demic influenza vaccine and SOT rejection. It was
designed to investigate a safety signal that emerged from
routine pharmacovigilance and from published case
series of SOT rejection after the 2009 H1N1 influenza
pandemic mass vaccination campaign. Given the
urgency for a rapid evaluation of the safety signal and
the absence of vaccination after the end of the 2009/
2010 pandemic season, a formal retrospective pharma-
coepidemiology study in the CPRD database was the
timeliest option to capture data from a large population
while reflecting standard practice with respect to the
management of transplanted patients.
The primary risk estimate is an RI of 1.05 (95% CI

0.52 to 2.14) within 30 days after administration of
Pandemrix. There is a consistent inference across sensitiv-
ity analyses, with point estimates around 1.0 and no
upper 95% confidence limits higher than 2.3. None of
the analyses show a statistically significant increased risk
of SOT rejection following vaccination with Pandemrix.

Strengths and weaknesses of our study
Given the acuity, severity and clinical complexity of SOT
rejection, transplanted patients are largely managed in
specialty hospital settings. The HES inpatient database
contains information for all NHS hospitals in England,
which maximised the likelihood of capturing cases of
SOT rejection. Diagnosis data are based on standardised
coding practices, ensuring consistent information across
the study population. The high proportion of partici-
pants in the study population with an HES link to the
CPRD (93%) confirmed the adequacy of using the HES
as a primary reference data source for case finding. The
CPRD, which was used to capture vaccine exposure and
covariate data, has been extensively used in pharmacoe-
pidemiology studies.28

The SCCS was primarily designed to study the associ-
ation between acute events and transient exposures, and
is well suited for the study of adverse reactions to vaccin-
ation.36 40–45 It handles fixed measured and unmeasured
confounding, implicitly controlling for confounders
such as socioeconomic status, access to healthcare,
healthcare-seeking behaviour, confounding by indica-
tion, frailty, underlying chronic conditions and, in this
study, type of transplanted organ and compliance with
an immunosuppressive regimen. In the conventional
SCCS, the propensity to be exposed is assumed to be
independent of previous events (disease occurrence),
whereas the modified SCCS requires to have only one

event per participant and to censor each participant at
the second event. Completeness and precision of expos-
ure data for pandemic vaccination in the CPRD, and
reliability of outcome data in the HES inpatient database
(since based on clinical procedure codes) are crucial
requirements for the SCCS design. To the best of our
knowledge, relatively few vaccine safety studies report
the use of the modified SCCS;40 46 47 we therefore con-
ducted a sensitivity analysis using the standard SCCS,
which yielded consistent risk estimates.
On the basis of the assumption that time since trans-

plantation is a risk factor for SOT rejection, the a priori
decision was made to adjust all SCCS models for this vari-
able. Interestingly, the majority of exposed participants
(63/71 (89%)) had been transplanted >180 days prior to
the beginning of the study period, suggesting that time
since transplantation is not a confounding factor in the
present analysis, and limiting the opportunity to assess the
potential confounding effect of time since transplantation.
Nonetheless, as expected, all models showed consistent
decreases in the risk of rejection with increasing time since
transplantation (data not shown). With regard to potential
confounding by TIV vaccination, adjusted analyses showed
no differences from the primary risk estimates. Since most
participants did not receive Pandemrix and a TIV on the
same day, and there was limited overlap between risk
periods for the two vaccines for most participants, these
analyses allowed an independent estimation of the risk
associated with Pandemrix and the adjustment for the
potential confounding effect of TIV vaccination. Finally,
the consistent range of risk estimates and CIs, all including
1.0 with upper 95% confidence limits around 2.0, suggests
that the study was sufficiently powered to detect an associ-
ation between Pandemrix and SOTrejection.
As with any retrospective observational study in a large

healthcare database, this analysis has several limitations.
First, SOT rejection is a complex clinical entity for which
the likelihood of occurrence is affected by multiple risk
factors such as viral (including H1N1 influenza virus)
and bacterial infections, underlying medical conditions,
medical history of the transplant recipient, and compli-
ance with immunosuppressive treatment. These factors
were not captured in these settings or had limited
record completion in the CPRD. Thus, confounding by
these unmeasured factors could not be fully evaluated;
however, it is unlikely to have introduced systematic
error into the analyses, and the SCCS design might have
partially mitigated against some of these potential con-
founders, given their fixed nature. Another potential
confounding factor is history of a previous rejection; the
large majority of patients (82/91 (90.1%)) had no rejec-
tion in the 6 months prior to the study period. The risk
of rejection might also depend on the number of
vaccine doses received; the number of patients having
received two doses of Pandemrix was low (N=17) and
limited the possibility of reliably assessing the effect of
the second dose. Some studies indicate that risk factors
for SOT rejection and the magnitude of the risk might
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vary by organ type48; however, given the small number of
cases, the risk of rejection by organ could only be
assessed for the kidney. Nonetheless, these estimates are
informative, given that the kidney is the most commonly
transplanted organ.49

Finally, the optimal duration of the risk period for
SOT rejection following immunisation, if any, is
unknown, and it is difficult to know whether a potential
increased risk returns to baseline in the post-exposure
control period as rejection-specific antibodies of unclear
clinical significance might persist for a longer period of
time. However, no significantly increased risk is observed
using a 30-day or 60-day risk period.
Although standards of care of transplanted patients

might vary across the country, documentation/coding
guidelines in HES are standardised, thus limiting the
variability in information at patient level. Given that
study subjects are from databases representative of the
general population,28 30 32 results from this study may be
extrapolated to the overall population of SOT recipients
in England.

Strengths and weaknesses in relation to other studies
To the best of our knowledge, this SCCS analysis is the
first pharmacoepidemiology study formally assessing the
risk of SOT rejection following vaccination with an adju-
vanted H1N1 2009 pandemic influenza vaccine. The
results do not suggest an increased risk of rejection fol-
lowing administration of Pandemrix, and are in line with
most descriptive clinical case series that have shown no
increased risk of allograft dysfunction or clinical rejec-
tion in SOT recipients following H1N1 pandemic influ-
enza vaccination.2 15–23 50

Meaning of the study
Influenza A/H1N1 2009 infection caused substantial mor-
bidity and mortality in SOT recipients worldwide.2 51–55 In
the largest study, involving 237 cases of medically attended
H1N1 influenza infections from 26 transplant centres in
the USA, infections resulted in hospitalisation in 71%,
admission to an intensive care unit in 16%, and death in
4% of cases.54 Allograft dysfunction and clinical rejection
were also reported in SOT recipients following pandemic
influenza A/H1N1 infection.2 51–53 56 57 Pandemic influ-
enza vaccination is therefore an important preventive
measure in this medically vulnerable population at high
risk of complications, and is considered clinically safe and
well tolerated despite relatively modest efficacy.2 58 59 In
addition to investigating a safety signal, this study addresses
the need for a formal pharmacoepidemiological analysis
of the risk of SOT rejection in a large population of trans-
planted patients.

CONCLUSIONS
The results of this study are robust across a variety of
sensitivity analyses and do not suggest an increased risk
of SOT rejection following vaccination with Pandemrix.

This report also intends to bring some insight into the
debate on the safety of influenza vaccination in trans-
plant recipients, and to inform the benefit-risk evalu-
ation of AS03-adjuvanted pandemic influenza vaccines
in this patient population that is likely to remain a high-
risk priority group for immunisation with future pan-
demic influenza vaccines.
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