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Immunogenicity from seasonal inactivated influenza vaccine (IIV) remains suboptimal in solid organ transplant recipients (SOTRs).
We conducted a systematic review that compared the safety and immunogenicity of nonstandard influenza vaccination strategies
with single-dose IIV in SOTRs. Booster doses and possibly high-dose (HD) influenza vaccination strategies seem to hold promise
for improving vaccination immunogenicity in SOTRs. Administration of intradermal and MF59-adjuvanted trivalent ITV (IIV3) did

not improve vaccine immunogenicity compared with single-dose intramuscular IIV. Alternative vaccine strategies were generally

well tolerated; SOTRs who received HD, intradermal or adjuvanted IIV3 had a higher frequency of infection site reactions, while

systemic adverse events were more frequent in SOTRs who received HD IIV3. Allograft rejection rates were similar in both groups.

SOTRs should continue to receive standard-dose IIV annually in accordance with current recommendations, pending future studies

to determine the optimal timing, frequency, and dosage of IV using the booster-dose strategy.

Keywords.

Influenza is an acute respiratory infection with a disease spec-
trum that ranges from a self-limited febrile illness to a highly
severe disease, accounting for up to 49 000 deaths annually
in the United States [1].
als, including solid organ transplant recipients (SOTRs), are

Immunocompromised individu-

among those at highest risk for influenza-associated complica-
tions, such as allograft rejection and secondary bacterial pneu-
monia [2, 3].

The Centers for Disease Control and Prevention recommends
use of annual influenza vaccination to reduce influenza-associ-
ated complications [4]. In SOTRs, immunological responses to
influenza vaccination tend to be lower and more heterogene-
ous than in immunocompetent hosts, with seroprotection rates
ranging from 15% to 90% [5-8]. Owing to the high likelihood
of inadequate seroresponse secondary to intensified immuno-
suppression in the early posttransplantation period, the 2013
Infectious Diseases Society of America Clinical Practice guide-
line vaccinating immunocompromised hosts recommends
annual administration of inactivated influenza vaccine (IIV)
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>2 months after transplantation (strong, low recommenda-
tion), except when influenza outbreaks occur, during which IIV
should be offered and administered as early as 1 month after
transplantation (weak, very low) [9].

Because influenza-associated complications continue to be an
important cause of hospitalizations and deaths in SOTRs [10],
various strategies such as high-dose (HD) influenza vaccines, a
booster-dose (BD) strategy, intradermal vaccination, and adju-
vanted vaccines have been used. However, it remains unclear
whether these alternative strategies improve immunogenicity
over the standard approach (single standard dose [SD], intramus-
cularly administered IIV) in SOTRs. Understanding available data
on the safety and immunogenicity of these nonstandard influ-
enza vaccination strategies may help clinicians make informed
decisions about which strategy to undertake. We conducted this
systematic review to evaluate and synthesize current evidence to
address our primary question of whether alternative influenza
vaccination strategies are (1) more immunogenic and (2) as safe
as the standard single-dose intramuscular ITV in SOTRs.

METHODS

Search Strategy

With the assistance of an experienced medical librarian,
MEDLINE (1946 through June 2017) and EMBASE (1947
through June 2017) were searched, using a combination of
search terms that included “influenza vaccine(s),” “flu shot,”



» .

“flu vaccine,” “influenza vaccination,” and “flu vaccination,”

» o«

combined with “transplants;

» o«

transplant,” “graft(s),” “trans-
plant recipients,” and “organ transplantation” The reference lists
of selected articles were also searched for potentially eligible
studies.

Study Selection and Extraction

Two investigators (P .P. C and D. J. W) developed eligibility
criteria a priori using PICOTS (population, intervention, com-
parison, outcome[s], and study design) criteria. Our study
population consisted of adult and pediatric SOTRs, defined
as recipients of heart, lung, liver, kidney, pancreas, intestinal,
or multivisceral transplants, alone or in combination. Studies
performed in hematopoietic stem cell transplant recipients
and other immunocompromised hosts, such as patients with
rheumatologic diseases and human immunodeficiency virus
infection, were excluded. Any alternative (nonstandard) influ-
enza vaccination approach, predefined as use of intradermal or
HD influenza vaccine, SD influenza vaccine administered more
than once per season (BD strategy), and/or use of adjuvanted
influenza vaccine was considered an intervention.

Studies were included only if they compared the safety and
immunogenicity of alternative influenza vaccination approaches
with that of single SD intramuscular trivalent ITV (IIV3) in adult
and/or pediatric SOTRs. All studies that included a compara-
tor group were eligible for inclusion, regardless of whether they
were randomized controlled trials. Vaccine immunogenicity
was defined based on the international European Agency for the
Evaluation of Medicinal Products/Committee for Proprietary
Medicinal Products 1997 criteria [11] and may include >1 of
the following: (1) seroprotection rate, defined as the propor-
tion of individuals achieving titers >1:40; (2) seroconversion
rate, defined as postvaccination titers >1:40 if prevaccination
serum was negative or >4-fold increase in antibody titers if it
was positive; and (3) geometric mean titer (GMT), defined as
the mean postvaccination antibody titer. Studies published in
non-English languages and those with only abstracts available
were excluded.

Two independent reviewers (P. P. C and D. J. W) reviewed
the title and abstract search, with inclusion decisions for each
article made independently based on inclusion and exclusion
criteria. Any discrepancies were resolved by consensus after a
full-text review by both reviewers. Data extraction for eligible
studies was conducted independently, focusing on the safety
and immunogenicity of various alternative influenza vaccin-
ation strategies.

RESULTS

Study Range and Characteristics

The initial search yielded 1950 articles/abstracts (1372 arti-
cles/abstracts from EMBASE and 578 articles/abstracts from
MEDLINE) (Figure 1). Of those, 428 were duplicates and

Records identified through
database searching
(n =1950)

A4

Records after duplicates removed
(n =1522)

A

Records excluded
(n =1505)

Records screened
(n=1522)

}

Full-text articles assessed

A 4

Full-text articles excluded, with

for eligibility reasons
(n=17) (n=10)
Lack of comparator group (n = 4)
l Comparator group consisted of
patients other than solid organ

transplant recipients (n = 2)
Heterogeneous patient population
(n=2)

Duplicate clinical trial results (n = 1)
Inadequate information available

Studies included in
qualitative synthesis
(n=7)

Figure 1.  Flow chart of search.

excluded. After titles and abstracts of the remaining 1522 publi-
cations were screened, 17 articles were retrieved in full text and
7 studies met eligibility criteria. Reasons for exclusion include
lack of (n =4) [12-15] or non-SOTR (n =2) [16, 17] comparator
group, heterogeneous patient population including patients with
rheumatologic disease and human immunodeficiency virus
infection (n = 2) [18, 19], concerns regarding study methods
(n =1) [20], and duplicate trial results (n = 1) [21] (Figure 1).

Table 1 summarizes characteristics of the 7 selected studies,
including 6 randomized controlled trials [22-27] and 1 pro-
spective cohort study [28]. Alternative influenza vaccination
strategies evaluated in these studies included HD IIV3 [23]
(n = 1), BD intramuscular IIV3 [24, 28] (n = 2), intradermal
IIV3 [22, 26, 27] (n = 3), and adjuvanted ITV3 [25] (n = 1). All
studies included SOTRs who received SD intramuscular IIV3 as
a comparator group.

Patient Demographics and Inclusion/Exclusion Criteria

The 7 selected studies yielded a total of 943 patients (Table 1).
Of these, 92% (868 of 943) were adult SOTRs, and 30% (279 of
943) were female. Transplant types included kidney (n = 422),
liver (n = 229), lung (n = 181), heart (n = 89), intestinal (n = 1),
and multiorgan transplants (n = 21). Most studies included
SOTRs =3 months after transplantation (5 of 7 studies) and
excluded those with a recent history of allograft rejection (5 of 7
studies) and those with a documented history of severe adverse
reactions to influenza vaccination (4 of 7 studies).

Influenza Vaccine Characteristics and Vaccination Strategy
The alternative influenza vaccination strategy used differed
across all 7 studies. GiaQuinta et al [23] investigated the effects



‘suabliue 8uIddeA € 8Y} JO |2 0] UOISISBAU0D0ISS Se paule(;
‘uofeUlDBA J8Ye PUE 81048q I8} UORIGIyUl uoheunn|BBeway Jo oney,
‘ZE1L< 8w} [vH e Buineiyoe s1oelans jo ebejusoled,

's1a11) uoneuldoera.d pue -1sod Usamiag | |ND JO Ollel Se pauleds
*(G00Z-¥00¢ 40 UOSE8S BZUBN|3UI SNOIABId) S|OJUOD [BOLIOISIH,

‘0F: 12 Jaln |yH ue Buinsiyoe s108lgns Jo abejusdied,

"anefou0Ias 81e OYM 8SOUL Ul O 0} 0L > WO} 8SI B 10 (OLR) 181} UoNHEUo0eAS.d 8AIISOdOISS B WO} SI8ML (IH) UoIgIyul uoieunn|bBewsy ul esesloul pjoj-< e Buirsiyoe s108lqns jo abelusdied,

'SUOIIEPUBILLIODS] S8OI10B14 UOIIBZIUNWIWI| UO 981IUIWOY) AIOSIADY UO PESE] BUIDJBA JO SBSOP Z 1O | JAUlLe PaAIadal sieak g> pabe s10elgng,

"auljeseq Woly 19} Ul 8sl Pof-p= se paulaq,
"9SIMIBUI0 PaISI| SSO|UN PEIUBANIPEUOU B19M SOUIDOBA BZUBN|U],

"9S0p pIepUE]S (S ![ell PB]|0JIU0D paziwopuel ‘| DY ‘luejdsuel) JoAl| ‘|7 ‘uejdsuel) Asupiy |y {8UlooBA BZUSN|UI JUS|EALL PIBANDRUI ‘EA|| ‘9SOP UBIY ‘QH ‘ONel JIND ‘YD 1811} Ueaw OL1eW0aB ‘| D 'SIUSAS 8SISAPE ‘ST :SUOIIBIABIAY

@suodsal auIooeA
: 0108} UOISIBAUOD0I8S
,Se1el uonosloldoles

uonosfal Jeiboje 81noy !S81eJ UOISIBAU0D018S

UOIIBUIOOBA JoYe P |
sdLIND
‘[ IND ‘se1el uonosloidolos

SV 01WLIsAS pue 2007 !S8}RJ UOISIBAU0D018S

uonoafas yeiboje
Sy OIWBISAS pue OO

uabljue auIooeA
BZUBN|UI | O} LUOISIBAUOD0ISS
S1IND esopisod
pue -a1d UsaMmlaq S8oUBIBYIP
‘,s81e) uonosloidoies
sy ',S81J UOISIBAU0D0IS
dn-moj|oy
Bulnp s8seo ezuan|jul PawLI}
-Uo9 A||ea160[010OIdIW 1] |\|D UOI}
-eu100eA}sod ‘selel UoIl08l01doIes

uonoafel yelboje 's3y S8}eJ UOISIBAU0D0.I8S

S]IND esopisod
pue -a1d usemiaq seduBlayIp

!,S81eJ uonosloidoies
';S91el UOISISAUOD0I8S

uoioafal yeibole
'S3y OlwelsAs pue (2007
uonouny
yeib pue uonosles yeiboje
Sy OlWBISAS
pue [e00] ‘salpogiue uah
11Ue 91A00%N8| UBWNY-IUY

uabiue sulooeA
BZUBN|JUI | T 0} 4UOISIBAUOD0I8S

Jw G0 ul uiens Jad

usbnue yo b1 G| '900z/v/epuold

/4 '(ZNEH)L00Z/0L/2uBqsug/y

‘(LNLH)L00z/65/ouegslig/y ‘dubein|y
1O |BJIAN|H ‘8SOp | ‘Iejnosnwienul ‘sAll dS

W G Q Ul utens Jad

uabnue jo 611 G| 'y00z/905z/eISAeleN/g

'(ZNEH) G00Z/L9/UISUOISIMY

w0 ul ulens Jad usbnue jo Bl g
‘900¢/v/epHol4/g
‘(ZNEH)£00Z/0L/ouegsug/y ‘(LN LH)L00Z/65/eueqsg/y
‘dubein|p 1o [esian|4
!S8S0Op Snosue)NWIS g ‘|ewlspenul ‘qs

W g0 ul ulens
Jad usBpue Jo b1 G| 'v00z/905z/eIsARlRIN/G ‘(ZNEH)

‘(LN LH) 9002/€/Spue|s| UOWO[0S/\ G00Z/L9/UISUOOSINY ‘(LN LH) 900Z/E/SPUg|S| UOWO|0S/Y

‘dubixep ‘asop |
‘DS 40 JejnosnuieUl ‘EAll AS
W gQ ul urens
Jad usbiue jo 61 G| !010Z/L/UISUOISIAN
/8 "(CNEH) LLOZ/L9E/RUOIDIN
/¥ '(LNLH) 600¢/L/eluio}eD/Y
Wlel
!9sOp | ‘Iejnosnwieliul ‘SA|| PelueAn[peuoN

20/19¢/1eybueys/g "70/SS/510A MON
ZNEH/V '66/0Z/1U0p8[e) MeN LN LH/Y
‘dubixe @sop | ‘Jejnosnwenut ‘eAll s

duBein|y ‘esop | “einosnwieliul ‘Al ds

auozn|4

1,$9s0p ¢ 1o | Jejnosnuwieliul ‘gA|| (B g1) s

duBixep ‘esop | ‘Ie[nosnwieliul ‘Al ds

‘dubixep
19sop | ‘leulsspenul ‘gs

Jw G 0 ul utens Jad usbnue jo b g|
‘0L0Z/1/uISuodsIAVg (CNEH) LLOZ/L9E/BUOIDINY

‘(LNLH) 6002/L/R1Uiofed/NY

peni4

'9Sop | “Jejnosnwienul ‘eG4 YHM EAll paiueAn(py
70/90G¢z/eIsAeleIN/Q 'G0/L9/UISUOISINA ZNEH/Y

'66/0Z/R1UOpPeE] MBN LN LH/Y

‘dubixep

'9S0p 1S| Jo}e YM 9—F ‘Ienosnwieniul ‘sA|l| ds

0102/1/uisuodsinNg
‘(ZNEH) LLOZ/19€/2UOIAN ‘(LN LH) 6002/L/1UI0}ED/N
‘dubeinip
'9S0p 1S| Jale YM G ‘Iejnosnwieniul ‘sl ds
Jw g0 Jad b og
800z/09/euegslig/g ‘(CNEH) 6002/9L/UHad/V
‘(LNLH) 600¢/L/e1ui04eD/Y
‘auozn|4 aH
1,$9S0p ¢ 1o | Jejnosnuienur ‘(6t 09) aH
Jw |0 ul utess Jad usbnue jo Bl g
'8002/09/2ueqgsiig/g ‘SniIA &I|-(ZNEH)
6002/9L/yHed/v 'snuiA oI-(LN LH) 600¢/L/eIuiofeD/Y
‘ezueju|
‘UOISS829NS Ul S9SOp Z ‘|ewspenul ‘qH

(8 =N)
siuaidioal
1ue|dsueny

Bunjynpy  papul|g-iolebisenul 10y [£Z] e 18 [onuey

(29=N)
swuaidioal 1y (A

09-8L pabe) 1npy

dels Bulueaos yum
|oqge| uado ‘z eseyd ‘| DY [9Z] |e 18 UojeIoN

(89 =N)
swaidioal | 3npy 10y [52] |8 38 Jewny
(LE=N)
sualdioal |
‘ualplly)  Apnis Hoyood eAioadsold  [8Z] [e 18 JesloH
|aqe| uado ‘g aseyd
(rzy = N) (A9L= ‘uoneziwopuel
pabe) s)npy painens |0y [zl [e 18 01epio)
(8€=N) Apnis
(A £1-¢ pabe) Aoeolyje pue Ajajes | lez]
uaiplyd  eseyd puljg-e|gnop |0y [e 18 BlUINDEID
62C=N papuliq

siue|dsuesy
10 adA1 pue eby
uaipjiyo pue synpy

J0SS9SSE 8W02IN0
‘uoneziwopuel

pex0|q 10y  [2Z] e 18 yonjeg

A1ejes SSBUBAIL08YT .dnoig Jojesedwio) .dnoig uonuanielu| (6215 a|dwes) ubiseq Apnis ERVEIETEN|
uone|ndod Apnis
SJulod pu3 $9S0( JO "ON pUe ‘e1noy ‘esoQ
SaIpn)g passassy Jo sonsuajoeleyy | ajqep



of HD IIV3 containing 60 ug of antigen per influenza virus
strain; Kumar et al [25] evaluated an MF59-adjuvanted vaccine
that contained 15 pg of antigen per strain. Studies that investi-
gated the use of intradermal ITV3 used 6 pg of antigen per strain
administered simultaneously in 2 doses (cumulatively, 12 ug of
antigen per strain) [27], 9 ug of antigen per strain administered
simultaneously in 2 doses (cumulatively, 18 pg of antigen per
strain) [22] and 15 pg of antigen per strain in a single dose [26].
Cordero et al [24]. and Hojsak et al [28] evaluated BD strategies
in which 2 sequential doses of SD IIV3 were administered 5 or
4-6 weeks apart, respectively.

The comparator group in all studies consisted of SOTRs
who received SD IIV3 containing 15 pg of antigen of each of 2
A (HIN1 and H3N2) strains and 1 B strain of influenza given as a
single 0.5-mL intramuscular dose. Selection of vaccine strains was
dependent on the annual recommendations by the World Health
Organization based on circulating influenza strains (Table 1).

Vaccination Inmunogenicity

All 7 studies assessed for vaccination immunogenicity by meas-
uring pre- and postvaccination strain-specific influenza antigen
titers using hemagglutination inhibition assay (Table 2). The
timing of serum sample collection varied, most commonly 4
weeks after vaccination but ranging between 3 [26] to 6 weeks
after vaccination [23, 28]. Most studies (86%; 6 of 7) included
seroconversion rate, seroprotection rate and differences in pre-
and postvaccination GMT as measures of vaccine immunogen-
icity. Short-term immunogenicity was assessed in all studies;
long-term immunogenicity at 12 months after vaccination was
evaluated in 1 study [24].

Intradermal Influenza Vaccine

Using a 2-dose simultaneous administration strategy, serocon-
version rates to >1 influenza antigen did not differ between
intradermal and intramuscular groups (48.2% [55 of 114] vs
42.6% [49 of 115; P = .47] [22] and 14.6% [6 of 41] vs 18.6%
[8 of 43; P = .77] [27]). In addition, pre- and postvaccination
GMT and seroprotection rates were also not different [22, 27].
Baluch et al [22] noted a trend toward higher postvaccination
GMT (41.31 vs 29.1; P = .07) and seroprotection rate (63.6% vs
52.4%; P =.10) for influenza B in the intradermal group, but the
differences was not significant. Manuel et al [27] reported sig-
nificantly lower seroprotection rates for A/H3N2 (83% vs 98%;
P =.02) and influenza B (29% vs 58%; P < .01) in the intrader-
mal group compared with the comparator group.

Morelon et al [26] reported higher seroconversion rates for
influenza A/HIN1 (35% [11 of 31] vs 19% [6 of 31]) and A/
H3N2 (35% [11 0f 31] vs 19% [6 of 31]) but not influenza B (19%
[6 of 31 vs 19% [6 of 31]) in the intradermal group. Similarly,
seroprotection rates were higher for influenza A/HIN1 (71%
[22 of 31] vs 52% [16 of 31]), A/H3N2 (52% [16 of 31] vs 36%
[11 of 31]) and similar for influenza B (71% [22 of 31] vs 61%

[19 of 31]) in the intradermal group. Postvaccination GMT was
higher for influenza A/HINI in the intradermal group than in
the comparator group (95.7% vs 44.7%); these values were sim-
ilar in the 2 groups for A/H3N2 (38.3% vs 25.3%, respectively)
and influenza B (48.4% vs 41.4%) [26].

Baluch et al [22] analyzed factors that influenced seroprotec-
tion. SOTRs receiving >2 g/d of mycophenolate mofetil (MMF)
(37.3% vs 62.7%; P = .02), lung transplant recipients (28% vs
72%; P = .02), and those <6 months after transplantation (8.7%
vs 91.3%; P = .01) had a significantly lower seroprotection rate
for A/HINI. Patients receiving >2 g/d of MMF (36.6% vs 63.4%;
P =.04) and those <6 months after transplantation (6.5% vs 93.5%;
P < .01) also had lower seroprotection rates for influenza B [22].

HD Influenza Vaccine

In the study by GiaQuinta et al [23], 38 pediatric SOTRs were
randomized to either HD or SD IIV3. Seroconversion for A/
H3N2 occurred in a higher proportion of the HD group com-
pared with the SD group (54% vs 13%; P = .01) [23], but the
seroprotection rate for A/HIN1 (95% vs 80%; P = .14) and in-
fluenza B (46% vs 47%; P = .94) and postvaccination GMTs for
A/HINI1 (GMT difference, 462.9; 95% confidence interval [CI],
—85.9 to 1112.4) did not differ between the 2 groups [23].

BD Influenza Vaccine
Cordero et al [24] reported the results of the TRANSGRIPE 1-2
study, an open-label, phase 3, parallel-group, randomized con-
trolled clinical trial that evaluated the safety and efficacy of a BD
administered 5 weeks after an initial dose of IIV3 compared with
the single SD intramuscular nonajuvanted IIV3 in SOTRs. Using
modified intention-to-treat (mITT) analysis, 2 doses of influenza
vaccine was associated with a higher seroconversion rate for influ-
enza A(HIN1)pdm at 10 weeks using bivariable analyses (46.7% vs
32.7%; odds ratio [OR], 1.81; 95% CI, 1.01-3.24; P = .05) but not to
other influenza strains, or after adjustment for potential confound-
ers in multivariable analyses. In the per-protocol analysis, a BD
of ITV3 was independently associated with a higher likelihood of
seroconversion at 10 weeks for all influenza strains, with the num-
ber needed to treat to achieve seroconversion being 7 [24].
Seroprotection rate was higher in the BD than in the control
group using mITT, for the 3 types of influenza virus: 54% versus
43.2% (OR, 1.54; 95% CI, 1.05-2.27; P = .03) for A(HIN1)pdm;
56.9% versus 45.5% (OR, 1.58; 95% CI, 1.08-2.31; P = .02) for
A(H3N2); and 83.4% versus 71.8% (OR, 1.97; 95% CI, 1.23—
3.16; P < .01) for influenza B. A booster IIV3 dose was inde-
pendently associated with higher seroprotection rates, with the
number needed to treat to achieve seroprotection being <10
for all 3 strains. Short-term postvaccination GMTs were signif-
icantly higher in the BD group than in the control group, an
effect observed only in bivariable analysis in both the mITT
and per-protocol analyses but not the multivariable analyses
and only for influenza A/H3N2 and influenza B. At 1 year after



Table 2. Summary of Vaccine Inmunogenicity

Study

Immunogenicity Marker

Intervention Group®

a

Comparator Group'

PValue®

Baluch et al [22]

GiaQuinta et al [23]

Cordero et al [24]

A/HTN1T
Seroprotection rate®
Seroconversion rate®
Prevaccination GMT
Postvaccination GMT

Geometric mean seroconversion

factor®

A/H3N2
Seroprotection rate
Seroconversion rate
Prevaccination GMT
Postvaccination GMT

Geometric mean seroconversion

factor®

Seroprotection rate
Seroconversion rate
Prevaccination GMT
Postvaccination GMT

Geometric mean seroconversion

factor®
A/HIN1T
Seroprotection rate
Seroconversion rate
Prevaccination GMT
Postvaccination GMT
GMT difference estimate
A/H3N2
Seroprotection rate
Seroconversion rate
Prevaccination GMT
Postvaccination GMT
GMT difference estimate

Seroprotection rate
Seroconversion rate
Prevaccination GMT
Postvaccination GMT
GMT difference estimate
Short-term’
A/HINT
Seroprotection rate
Seroconversion rate
Postvaccination GMT

A/H3NZ
Seroprotection rate
Seroconversion rate
Postvaccination GMT
B
Seroprotection rate
Seroconversion rate
Postvaccination GMT
Long-termf
AMHINT
Seroprotection rate
Seroconversion rate

HD

71 (76/107)

374 (40/107)
24.0 (18.2-31.6)
68.9 (50.4-94.3)
2.87

HD

70.1 (75/107)
29 (31/107)
21.9 (17-26.7)
51.1 (40.2-64.8)
2.35

HD

63.6 (68/107)
21.5 (23/107)
18.6 (14.4-24)
41.41 (31.8-53.6)
2.22

HD

95.5 (21/22)

68 (15/22)

775 (35.2-170.5)
773.2 (374.6-1363.3)
695.7 (305.3-1299.2)
HD

86 (19/22)

54 (12/22)

34.7 (21-65.7)

131.7 (76.7-233.5)
97 (35.8-194)

HD

46 (10/22)

18 (4/22)

19.6 (14.2-26.8)
36.8 (23.3-60.6)

17.2 (1.9-42.4)

BD

54 (114/211)

46.7 (43/211)

41.61 (32.90-52.61)

BD

56.9 (120/211)

39.1 (45/211)

44.73 (35.16-56.85)
BD

83.4 (176/211)

75.9 (63/211)

180.08 (139.45-232.57)

BD
27 (57/211)
20.7 (19/211)

SD

70.5 (74/105)
34.3 (36/105)
22.1(16.7-29.3)
62.2 (45.7-84.9)
2.81

SD

63.8 (67/105)
30.5 (32/105)
19.7 (15.9-24.6)
43.6 (33.5-56.7)
2.19

SD

52.4 (55/105)
17.1 (18/105)
170 (13.4-21.5)
29.1 (22.3-38)
1.72

SD

80 (12/15)

47 (7/15)

62 (20.9-155.1)
310.3 (124-718.4)
248.3 (32.9-681.9)
SD

80 (12/15)

13 (2/15)

93.3 (47.4-195.5)
136.1 (71.8-254)
42.8 (-64.4 t0 170.5)
SD

47 (7/15)

33 (5/15)

21.1 (11.4-48.9)
36.2 (18.9-83.2)
15.1 (-15.4 t0 62.1)

Single SD

43.2 (92/213)

32.7 (33/213)

33.34 (25.45-43.67)

Single SD

45.5 (97/213)

30.2 (38/213)

2716 (21.43-34.41)
Single SD

71.8 (1563/213)

63.9 (53/213)

95.31 (71.91-126.32)

Single SD
33.3 (71/213)
19.8 (20/213)

.93
.64
.61

.64

.33
.81
48

.81

42
.07

42

14
19
NA
NA
NA

.61
.01
NA
NA
NA

.94
.29
NA
NA
NA

OR (95% Cl)
1.54 (1.056-2.27)
1.81 (1.009-3.24)

0.06 (-.01 to
0.04)

OR (95% ClI)
1.568 (1.08-2.31)
1.49 (.87-2.54)
0.14 (.01-.07)

1.97 (1.23-3.16)
1.78 (.91-3.50)
0.16 (.02-.06)

OR (95% Cl)
0.74 (.49-1.12)
1.05 (.62-2.13)



Table 2.

Study Immunogenicity Marker Intervention Group® Comparator Group® PValue®
Postvaccination GMT 15.94 (13.33-19.07) 1748 (14.40-21.22) -0.03 (-.05 to
.02)

A/H3N2 BD Single SD OR (95% Cl)
Seroprotection rate 48.3 (102/211) 53.5 (114/213) 0.81 (.56-1.19)
Seroconversion rate 40.9 (47/211) 45.2 (57/213) 0.84 (.50-1.40)
Postvaccination GMT 42.58 (32.69-55.45) 46.46 (35.61-60.62) -0.02 (-.03 to

.02)

B BD Single SD OR (95% Cl)
Seroprotection rate 73.5 (155/211) 69 (135/213) 1.24 (.89-1.89)
Seroconversion rate 63.9 (63/211) 50.6 (42/213) 1.73 (.91-3.50)
Postvaccination GMT 7767 (61.09-98.75) 69.55 (54.53-88.71) 0.03 (-.02 to

.04)

Hojsak et al [28]

Kumar et al [25]"

A/HITNT
Seroprotection rate (baseline)
Seroprotection rate (1 dose)
Seroprotection rate (2 doses)
Seroconversion rate (1 dose)
Seroconversion rate (2 doses)
GMT (t1)
GMT (t2)
GMT (t3)

A/H3NZ
Seroprotection rate (baseline)
Seroprotection rate (1 dose)
Seroprotection rate (2 doses)
Seroconversion rate (1 dose)
Seroconversion rate (2 doses)
GMT (t1)
GMT (t2)
GMT (t3)

Seroprotection rate (baseline)
Seroprotection rate (1 dose)
Seroprotection rate (2 doses)
Seroconversion rate (1 dose)
Seroconversion rate (2 doses)
GMT (1)

GMT (t2)

GMT (t3)

A/HINT

Seroprotection rate
Seroconversion rate
Prevaccination GMT
Postvaccination GMT
Seroconversion factor
A/H3NZ
Seroprotection rate
Seroconversion rate
Prevaccination GMT
Postvaccination GMT
Seroconversion factor

Seroprotection rate
Seroconversion rate
Prevaccination GMT
Postvaccination GMT
Seroconversion factor

BD

48 (18/37)

64.9 (24/37) (P = .08)°
75 (27/32) (P =.005)
40.5 (15/37)

54.0 (20/37)

Bjlfss)

6759 (P=.37)

80.00 (P =.001)

43.2 (16/37)

70.3 (26/37) (P =.003)
84.4 (27/32) (P < .001)
35.1 (13/37)

56.7 (21/37)

39.26

89.52 (P =.028)
103.75 (P =.001)

8.1 (3/37)

356.1 (13/37) (P = .003)
356.5 (11/32) (P =.009)
40.5 (15/37)

48.6 (18/37)

799

24.12 (P < .001)

21.3 (P <.001)

MF59-adjuvanted IIV3, intra-
muscular, 1 dose

83.9%
45.2%
31.3
136.8
4.37

100%
48.4%
62.6
209.2
3.34

61.3%
32.3%
28.6
715
2.50

Single SD

58.8 (10/17)

64.7 (11/17) (P = .33)
NA

17.6 (3/17)

NA

47.08

65.25 (P =.09)

NA

16.7 (3/18)

471 (8/17) (P = .06)
NA

42.2.(717)

NA

12.6

33.00 (P =.03)

NA

50 (9/18)

58.8 (10/17) (P = .58)
NA

16.7 (3/18)

NA

46.6

69.48 (P =.13)

NA

Nonadjuvanted IIV3, intramuscu-
lar, 1 dose

86.2%
48.3%
28.6
123.0
4.30

93.1%
34.5%
71.0
184.7
2.60

65.5%
24.1%
22.0
48.4
2.20

.80
.28
77
.65
73

.23
.28
.86
.96
.56

.73
49
.36
.33
.98



Table 2. Continued

Study Immunogenicity Marker Intervention Group® Comparator Group® PValue®
Morelon et al [26] AMHINT SD, intradermal, 1 dose SD IIV3, intramuscular or subcu-  NA'
taneous, 1 dose
Seroprotection rate 71 (22/31) 52 (16/31)
Seroconversion rate 35 (11/31) 19 (6/31)
Prevaccination GMT 30.9 (18.9-50.6) 23.1 (13.5-39.7)
Postvaccination GMT 95.7 (65.1-166) 44.7 (24.3-82.4)
GMTR 3.09 (2.17-4.40) 1.93 (1.30-2.88)
A/H3N2
Seroprotection rate 52 (16/31) 36 (11/31)
Seroconversion rate 35 (11/31) 19 (6/31)
Prevaccination GMT 10.9 (0.8-21.4) 10.8 (8.66-13.5)
Postvaccination GMT 38.3 (25-58.5) 25.3 (15.8-40.4)
GMTR 3.50 (2.29-5.34) 2.34 (1.66-3.51)
B
Seroprotection rate 71 (22/31) 61 (19/31)
Seroconversion rate 19 (6/31) 19 (6/31)
Prevaccination GMT 24.7 (18.5-33.0) 23.4 (16.1-33.9)
Postvaccination GMT 48.4 (34.7-674) 41.4 (27.8-61.4)
GMTR 1.96 (1.567-2.44) 1.77 (1.38-2.27)
Manuel et al [27] A/HINT SD, intradermal, 2 simultane- SD IIV3, intramuscular, 1 dose
ous doses
Seroprotection rate 39 (16/41) 28 (12/43) .36
Seroconversion rate 7.3 (3/41) 7 (3/43) >.99
Prevaccination GMT 12.3 (8.8-17.1) 12.0 (8.8-16.4) 91
Postvaccination GMT 15.7 (11.1-22.3) 175 (11.8-25.9)
Seroconversion factor 1.3 (1.0-1.6) 1.5 (1.2-1.9) 15
A/H3N2
Seroprotection rate 83 (16/41) 98 (42/43) .02
Seroconversion rate 4.9 (2/41) 7 (3/43) >.99
Prevaccination GMT 74.6 (47.3-117.6) 83.0 (61.8-111.6) .60
Postvaccination GMT 84.0 (52.0-135.7) 108.9 (775-153.2)
Seroconversion factor 1.1 (0.98-1.3) 1.3 (1.1-1.6) 24
B
Seroprotection rate 29 (12/41) 58 (12/43) .36
Seroconversion rate 7.3 (3/41) 11.6 (5/43) 71
Prevaccination GMT 11.5 (7.6-17.4) 14.1 (9.3-21.3) .28
Postvaccination GMT 14.5 (9.6-21.8) 20.2 (12.8-31.9)
Seroconversion factor 1.3 (1.1-1.5) 1.4 (1.0-1.9) .65

Abbreviations: BD, booster dose; Cl, confidence interval; GMT, geometric mean titer; GMT (t1), GMT at baseline,; GMT (t2), GMT after single-dose influenza vaccine; GMT (t3), GMT after 2
doses of influenza vaccine; GMTR, GMT ratio; HD, high dose; I1V3, inactivated trivalent influenza vaccine; NA, not applicable; OR, odds ratio; SD, standard dose.

“Unless otherwise specified, values represent % (proportion) of patients for seroprotection and seroconversion rates and [mean? median?] (95% Cl) for GMT, GMTR, and GMT difference.

®Values represent Pvalues unless otherwise specified.

“Seroprotection rates are defined as the percentage of subjects achieving a hemagglutination inhibition titer >1:40.

9Seroconversion rates are defined as the percentage of subjects achieving >4-fold rise in titer from baseline.

°The geometric mean seroconversion factor is defined as the ratio of GMT between post- and prevaccination titers.

‘Results presented are from intention-to-treat analysis.

9P values for Hojsak et al represent difference between immunogenicity marker after a single dose (or 2 doses) of influenza vaccine compared with baseline in the same study subject.

"Proportions for rates and confidence intervals for GMTs were not provided by Kumar et al.

'Morelon et al used descriptive statistics; statistical testing not done, and P values were not available.

vaccination, no differences in rates of seroconversion, seropro-
tection, and GMTs were observed between treatment groups.

In a prospective cohort study performed in pediatric
liver transplant recipients (n = 37), Hojsak et al [28] reported
higher seroprotection rates after 2 sequential SDs of the
intramuscular I1IV3, 4-6 weeks apart during the 2005-2006
influenza season for all 3 strains compared with baseline, as
follows: A/HINI,

75% versus 48.6% (P = .005); A/H3N2, 84.4% versus 43.2% (P
<.001); and B, 35.5% versus 8.1% (P < .01). Seroprotection rates
for the group that received single SD intramuscular IIV3 dur-
ing the 2004-2005 influenza season were as follows, again com-
pared with baseline seroprotection rates: A/HIN1, 64.7% versus
58.8% (P =.33); A/H3N2, 47.1% versus 16.7% (P = .06); and B,
58.8% versus 50% (P = .58).



Adjuvanted SD Influenza Vaccine

In a clinical trial of adult kidney transplant recipients randomized
to receive either MF59-adjuvanted IIV3 or nonadjuvanted IIV3,
the seroprotection and seroconversion rates and postvaccination
GMTs did not differ between the 2 groups [25]. A subgroup ana-
lysis demonstrated that MF59-adjuvanted ITV3 was the only factor
significantly associated with seroconversion (OR, 6.10; 95% CI,
1.2 -28.6) [25]. Use of MMF at >2 g/d (44.4% vs 71.4%; P = .05)
and older age (OR per year of increasing age, 0.95; 95% CI, .90-.99)
were significantly associated with lower seroconversion rates [25].

Vaccine Safety

Intradermal Influenza Vaccine

The proportion of local adverse events (AEs), such as erythema
(P <.001), induration (P <.001), tenderness (P < .001), and pru-
ritus (P = .005), were significantly higher with intradermal IIV3
[22, 26] (Table 3). Although Manuel et al [27] reported a higher
percentage of local AEs, this difference was not statistically sig-
nificant (41% vs 25%; P = .16). Local AEs were mild or moder-
ate in severity, and their severity and duration did not different
between the 2 groups.

Systemic AEs did not differ between the intradermal and com-
parator groups in the studies by Morelon et al (55% vs 52%) [26] and
Manuel et al [27] (7% vs 16%; P = .31). Baluch et al [22] reported a
higher frequency of nausea and diarrhea in the intradermal group.
Allograft rejection rates within 6 months after vaccination also did
not differ between the intradermal and comparator groups; graft
function was stable in all patients at the time of follow-up in this
study, and confirmed development of de novo anti-human leuko-
cyte antigen antibody was reported in only 1.4% (3 of 212) [22].

HD Influenza Vaccine

SOTRs who received HD IIV reported more injection site ten-
derness (73% vs 40%; P = .05), erythema (82% vs 47%; P = .02),
myalgias (27% vs 0%; P = .03), and fatigue (23% vs 0%; P = .05)
[23]. Allograft rejection occurred in 2.6% (1 of 38) 6 months
after influenza vaccination in the SD group and thus was
deemed unrelated [23].

BD Strategy

Rates of allograft rejection rates and local and systemic AEs did
not differ significantly between the BD and comparator groups (P
>.05) [24]. Most AEs reported were mild or moderate in severity.

Adjuvanted SD Influenza Vaccine

SOTRs who received the MF59-adjuvanted ITV3 were signifi-
cantly more likely to develop injection site tenderness than those
who received nonadjuvanted intramuscular ITV3 (77.4% vs 51.6%;
P =.03); other local and systemic AEs did not differ between the 2
groups. Only 1 episode of acute allograft rejection was reported 3
weeks after vaccination during the 6-month follow-up period, and
this occurred in the nonadjuvanted vaccine group.

DISCUSSION

Despite alternative influenza vaccination strategies, seroconver-
sion and seroprotection rates for influenza antigens were low in
SOTRs. Neither intradermal [22, 26, 27] nor adjuvanted [25]
influenza vaccine strategies improved immunogenicity com-
pared with single SD intramuscular IIV3. Whereas HD and BD
IIV3 conferred better seroprotection, antigen-specific immu-
nogenicity varied substantially across studies. Pediatric SOTRs
who received HD IIV3 were more likely than those in the SD
IIV3 group to seroconvert for A/H3N2, but not for A/HIN1 or
influenza B. In the TRANSGRIPE 1-2 study, a booster IIV3 dose
administered 5 weeks after the first dose was significantly asso-
ciated with a higher seroconversion rate for A/HIN1 but not for
other strains [24]. The heterogeneity in influenza antigen-spe-
cific immunogenicity seems unpredictable and independent of
the vaccination strategy. A prospective cohort study performed
in pediatric liver transplant recipients reported significantly
higher seroprotection rates for all 3 influenza strains after 2
sequential SDs of the intramuscular IIV3, 4-6 weeks apart [28].

Among transplant types, lung transplant recipients had the
lowest seroresponse rates to influenza vaccination. In add-
ition to >2 g/d of MMF and vaccination within 6 months after
transplantation, Baluch et al [22] found that lung transplant
recipients had lower seroprotection rates to A/HIN1 and that
intradermal influenza vaccine had greater immunogenicity in
recipients of non-lung transplants in a subgroup analysis. In
another study by Manuel et al [27], seroconversion rates to
each of the IIV3 influenza antigens in lung transplant recipients
ranged from 5% to 12% . Limited data are available regarding
long-term immunogenicity of alternative influenza vaccination
strategies. In the TRANSGRIPE 1-2 study, the 1-year postvacci-
nation seroconversion, seroprotection rates and GMTs did not
differ between the BD and SD groups. A decrease in the 1-year
GMT was noted in both groups [24].

These nonstandard influenza vaccination strategies seem to
be safe and generally well tolerated. SOTRs who received HD,
intradermal, and adjuvanted ITV were more likely to experience
local AEs, which were mild or moderate and transient injec-
tion site reactions. Systemic AEs were more frequent in SOTRs
who received HD IIV3. Allograft rejection rates did not differ
between the alternative and standard influenza vaccine groups.

There was substantial heterogeneity in the design, protocols,
and data analyses of the included studies, some of which could
have introduced bias. Morelon et al [26] prescreened and enrolled
only adult renal transplant recipients who were vaccinated in the
previous influenza season but failed to serorespond to A/H3N2.
Enrolled patients were thus less likely to serorespond, possibly
accounting for low seroconversion and seroprotection rates.
This same study reported only descriptive statistics and did not
perform statistical comparisons, so differences in vaccine immu-
nogenicity for each antigen are highly subject to interpretation.



Table 3. Adverse Events Attributed Attributed to Influenza Vaccination

Patients, % (Proportion)

AEs by Study® Intervention Group Comparator group PValue®
Baluch et al [22] Intradermal Intramuscular
Local®
Erythema 55.3 (63/114) 7 (8/114) <.001
Induration 30.7 (35/114) 7 (8/114) <.001
Pruritus 18.4 (21/114) 1.8 (2/114) <.001
Tenderness 579 (66/114) 24.6 (28/114) <.001
Systemic®
Fatigue 10.6 (12/114) 8.8 (10/114) 13
Gl symptoms 15.8 (18/114) 5.2 (6/114) .016
Subjective fever 4.4 (5/114) 1.8 (2/114) 45
GiaQuinta et al [23]¢ High dose Standard dose
Local
Overall 82 47 .03
Tenderness 73 40 .05
Systemic
Fatigue 23 0 .05
Myalgias 27 0 .03
Cordero et al [24]
Severity of AEs Booster dose Standard dose OR (95%
CI®
Mild 68 82.5 0.82
(.74-.91)
Moderate 30 317 0.94
(.73-1.23)
Severe' 8.3 8.6 1.07
(.61-1.89)
Serious AEs' 6.4 75 0.86
(.45-1.63)
Graft rejection 0.8 1.2 0.68
(.11-4.09)
Kumar et al [25]
Local Adjuvanted Nonadjuvanted
Erythema 9.7 (3/31) 3.2 (1/31) .61
Induration 6.5 (2/31) 6.5 (2/31) .99
Tenderness 774 (24/31) 51.6 (16/31) .03
Systemic
Fever (>38°C) 0 0
Subjective fever 6.5 (2/31) 9.7 (3/31) .99
Gl intolerance 6.5 (2/31) 9.7 (3/31) .99
Fatigue 32.3 (10/31) 22.6 (7/31) .39
Other 3.2 (1/31) 6.5 (2/31) .99
Morelon et al [26] Intradermal Intramuscular NA?
Local
Overall 81 (25/31) 48 (15/31)
Erythema 71 (22/31) 16 (5/31)
Induration 36 (11/31) 19 (6/31)
Pruritus 29 (9/31) 10 (3/31)
Swelling 36 (11/31) 10 (3/31)
Tenderness 32 (10/31) 39 (12/31)
Systemic
Overall 55 (17/31) 52 (16/31)
Fever 3(1/31) 0(0/31)
Headache 39 (12/31) 36 (11/31)
Malaise 13 (4/31) 13 (4/31)
Myalgia 19 (6/31) 16 (5/31)
Shivering 16 (5/31) 10 (3/31)

Hojsak etal [28] aimed to compare a 2-dose standard
intramus-cular IIV3 with findings in pediatric liver transplant
recipients who received single-dose intramuscular IIV3 in
the previous

Patients, % (Proportion)

AEs by Study® Intervention Group Comparator group PValue®
Manuel et al [27] Intradermal Intramuscular
Overall 44 (18/41) 34 (15/44) .38
Local AEs 41 (17/41) 25 (11/44) .16
Systemic AEs 7 (3/41) 16 (7/44) .31

Abbreviations: AEs, adverse events; Cl, confidence interval; Gl, gastrointestinal; NA, not
available; OR, odds ratio.

Proportions and percentages were unavailable for the published article by Hojsak et al,
despite personal communication with the corresponding author.

"Values represent P values unless otherwise specified.

“Percentages and proportions obtained via personal communication with the correspond-
ing author.

9The proportions were not provided in the original paper (GiaQuinta et al). For the paper by
Manuel et al, please refer to proportions that are provided below.

°Cordero et al reported 95% confidence intervals for the odds of developing AEs in the
booster dose group compared to standard dose group. P-values were not reported in the
original paper.

fSevere AEs were defined by Cordero et al as the inability to participate in daily activities.
Serious AEs were defined as graft rejection or loss, events leading to death or hospitaliza-
tion or its prolongation, considered as life-threatening or medically important, or resulting
in disability.

9Statistical testing was not performed by the authors owing to small sample size in each
group.

influenza season, but statistical comparisons were not per-
formed between the 2 groups, limiting interpretation of the
results. Finally, there was variability in postvaccination serum
sample collection (ranging from 3 to 6 weeks after vaccina-
tion); it is unclear whether this variability contributed to vaccine
immunogenicity differences across studies.

In conclusion, BD and HD influenza vaccination strategies
seem to hold promise for improving vaccination immunogenic-
ity and were generally well tolerated in SOTRs. Future studies
should focus on clarifying the optimal timing, frequency, and
dose and in assessing whether these strategies improve vac-
cine immunogenicity. In the interim, SOTRs should continue
to receive the SD IIV annually in accordance with current
Infectious Diseases Society of America and Centers for Disease
Control and Prevention recommendations.
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