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Concerns regarding vaccinations in dialysis patients,
pre- and post-transplant.

 What is the ideal timing for vaccinations?

Is there reduced efficacy of vaccinations?

How can vaccine efficacy be improved?

Is the assessment of vaccine response needed?

Do vaccines confer improved outcomes and particularly a survival benefit?
Does vaccination pre- or post-transplant increase the risk for rejection?

How do we encourage vaccine uptake in our patients?



Recommended Standard
Vaccinations for Patients
With CKD or

on Maintenance Dialysis
and Those After Kidney
Transplantation

Vaccine Indication CKD Indication post- Dose and Schedule
transplant
Influenza all patients, annually y - < 60 years:
starting 4 weeks after single injection standard vaccine,
transplantation; no live | =60 years:
vaccine single injection high dose vaccine
Pneumococcus all patients = 19 years all patients = 19 years, | never vaccinated: one PCV injection;
starting 6 months after | has received PPSV23: one PCV-
transplantation booster >1 year after PPSV23
RSV all patients = 75 years, all patients = 60 years, | single dose, no vaccine type
CKD 3+ and starting preference
dialysis = 60 years 6 months after
transplantation
SARS-CoV-2 all patients, annual all patients, annual single dose mRNA vaccine, most
revaccination revaccination, consider | recent virus variant;
6 month interval
Hepatitis B all patients CKD 3b — no specific 3-4 injections of regular or double dose
5(d) recommendation vaccines (according to product label),

serological monitoring and boostering
(

Herpes Zoster

patients 250 (ACIP), 60
(RKI) or 65 years (NHS)
patients 219 years with
therapeutic
immunosuppression

all 219 years (except
RKI: 250 years)

two injections of recombinant vaccine
2-6 months apart

Meningococcus

only patients with
particular risk e.g.
asplenia, complement
inhibition, travel to
endemic areas

only patients with
particular risk e.g.
asplenia, complement
inhibition, travel to
endemic areas

MenB oder MenAVWY depending on
epidemiological situation; single dose.
Evaluate need for additional antibiotic
prophylaxis.

Human papilloma
virus

Children 9-14 years,
catch-up until 26 years

Children 9-14 years,
catch-up until 26 years

Enhanced vaccination schedule (3
injections months 0, 2, 6)

Tetanus,
Diphtheria,
Pertussis

all patients every 5-10
years

all patients every 5-10
years

single injection combination vaccine

https://www.cdc.gov/acip-recs/hcp/vaccinespecific/. Accessed September 15, 2025

Accessed September 15, 2025.

2025;(04):1-75.

U.S. Centers for Disease Control and Prevention. ACIP Vaccine Recommendations and Guidelines: Vaccine-specific recommendations.

National Health Service. NHS vaccinations and when to have them. https://www.nhs.uk/vaccinations/nhs-vaccinations-and-when-to-have-them/.

Robert Koch-Institut. Stéindige Impfkommission: Empfehlungen der Stéindigen Impfkommission (STIKO) beim Robert Koch-Institut 2025. Epidemiol. Bull.



https://www.nhs.uk/vaccinations/nhs-vaccinations-and-when-to-have-them/
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What is the ideal timing for vaccinations?



There is no consensus on the stage of CKD that would be ideal for
administering vaccines.

sl Vaccine efficacy in CKD patients not on dialysis:
Kidney
Journal

Vaccines can prevent or reduce the severity of some infections in patients with CKD;
however, vaccine efficacy has been primarily studied in dialysis-dependent CKD patients.

a systematic review and meta-analysis

Aim Results
Evoluate vaccine efficacy in : ~ Sy Y
, - 11 Hepatitis B 3 Zostei
CKD patients not on dialysis g% 28 studies 'V;:,c:m 4 COVIDJS‘? i 1 H;V :
5 Influenzo 2 mixed voccine
Methods ””” 579,001 patients ﬁ 2 Pneumococcal  studies
Systematic review and meta-analysis

A Pooled seroconversion and seroprotection

Ae Vaccine Vaccine efficacy 0 rohes 2 BO%
e % CKD patients not on dialysis Antibody titer 0 G 0 Heterogeneous results

0 Antibody titers generally high and similar

Vaccine efficacy across CKD stages

f" * Seroconversion
I -~ I * Antibody fiter Clinical outcomes 0 Limited studies reporting clinical outcomes

¢ Clinicol outcomes

Lertussavavivat L.,

. . 2 . . Isaranuwatchai S., et al.
a high rate of seroconversion and seroprotection across multiple vaccines. Clinical Kidney Journal (2026}

Further studies are needed to evaluate the impact on clinical outcomes. @CKJsodial

Conclusion: Vaccination in CKD patients not on dialysis was associated with




Pre-Transplant Vaccination Timing

Ideally, vaccination should be completed pre-transplant! l

v at least 2 weeks before organ
transplantation for inactivated vaccines

v'at least 4 weeks prior to organ
transplantation for live vaccinations

MMR, varicella, oral typhoid, oral polio, rotavirus, oral
cholera, Yellow Fever, dengue, chikungunya, and Bacille
Calmette-Guerin

Mour et al, Microorganisms 2026



Post-Transplant Vaccination Timing

e Variability across transplant centers regarding timing of vaccination post-transplantation

v'Vaccinations should be avoided in the
immediate post-transplant period

v'Inactivated vaccines starting at 3-6 months
post-transplant or treatment for rejection

v'Live attenuated vaccines (LAVs), such as
MMR, contraindicated post-transplant

v’ The influenza vaccine may be given
as early as 1 month posttransplant.

Post-Transplant: O-
3 months

|

Vaccination is generally avoided
due to concerns about
effectiveness unless thereis a
clinicalindication. Booster doses
may be considered if already
administered.

Post-Transplant> 3
months

|

*Re-vaccination may be considered if
pre-transplant antibody levels were
low.

*Initiation of vaccination series with
inactivated vaccines is possible, with
monitoring for effectiveness and
consideration of booster doses.

*Live vaccines, in general, are
avoided.

*Annual vaccinations for influenza
and COVID-19 are recommended.
*Booster doses for pneumococcal
and Tdap vaccines should be given as
advised.

Mour et al, Microorganisms 2026



Most transplant centers suggest vaccinating KTRs no sooner than 6 months
after transplantation.

o reduced efficacy during intense immunosuppression
o potential risks of triggering rejection

e prospective cohort study
* 130 KTRs vaccinated within 6 months post Tx vs 668 KTRs vaccinated later

RR (95% CI)/B

Variable Early group Late group P coefficient (95% CI)

Baseline seroprotection rate, n (%)

A/(HINI)pdm 60 (46.2) 226 (33.8) 0.007 1.36 (1.10, 1.68)

A/M3N2 51 (44.7) 166 (44.5) 0.947 1.15 (0.89, 1.47)

B 78 (68.4) 182 (52.0) 0.002 1.53 (1,27, 1.83)
Postvaccine seroprotection rate, n (%)

A/(HINI)pdm 95 (73.1) 507 (76.5) 0.494 0.96 (0.86, 1.07)

A/M3N2 77 (67.5) 277 (74.1) 0.172 0.99 (0.84, 1.16)

B 96 (84.2) 299 (85.2) 0.800 .14 (1.01, 1.29)
Seroconversion rate, n (%)

A/(HINI)pdm 68 (52.3) 379 (56.7) 0.352 0.92 (0.77, 1.10)

A/M3N2 53 (46.5) 175 (46.9) 0.936 1.13 (0.89.1.44)

45 (39.5) 179 (51.1) 0.030 0.89 (0.69, 1.16)

Baseline 32.59 (23.59, 45.03) 31.93 (26.33, 38.73) 0.000 0.02 (0.01, 0.04)

After vaccination 117.32 (81.52, 168.83) 87.43 (72.87, 104.91) 0.287 0.008 (-0.007, 0.02)
A/H3N2 (95% CI)

Baseline 34.59 (24.01, 49.82) 27.33 (22.92, 32.59) 0.109 0.01 (-0.004, 0.03)

After vaccination 120.45 (82.17, 176.57) 97.86 (81.34, 117.44) 0.140 0.01 (-0.005, 0.030)
B (95% ClI)

Baseline 54.19 (40.62, 72.28) 34.94 (29.54, 39.80) 0.002 0.03 (0.01, 0.06)

After vaccination 143.32 (103.46, 198.53) 145.54 (122.35, 174.24) 0.741 0.004 (-0.01, 0.02)
GMR (95% Cl)

A/(HINI)pdm 3.59 (247, 5.23) 273 (223, 335) 0.051 -0.01 (-0.02, 0.00)

A/H3N2 3.48 (2.50, 4.84) 3.58 (2.90, 4.14) 0.921 —-0.001 (-0.02, 0.01)

B 2.64 (1.82, 3.83) 4.16 (3.39, 5.10) 0.039 -0.02 (-0.04, —0.001)

Pérez-Romero et al, Clin Microbiol Infect. 2015



Can live vaccines ever be safely administered post-transplant?

Safety and immunogenicity of the live-attenuated
varicella vaccine in pediatric solid organ transplant
recipients: A systematic review and meta-analysis

* 14 observational studies + 4 case reports
* 711 SOT recipients

v’ 88.2% seroconverted
v' 0% vaccine-strain varicella

v' 0.8% break-through varicella disease

Study

Kidney

Zamora (1994)
Chaves (2005)

Subtotal (I*2= %,p=.)

Liver

Kano (2002)
Khan (2006)
Weinberg (2006)

Kawano (2015)
Shinjoh (2015)
Verolet (2019)
Funaki (2021)
Gumm (2021)

Newman (2021)
Feldman (2022) |
Subtotal (1"2 = §3.374%, p = 0.023) [

e

Heart

Dipchand (2022) ——

1
Heterogeneity between groups: p = 0.330
Overall (12 =48.919%, p=0.024); [
1

ES (95% CI)

0.059 (0.001, 0.287)
0.000 (0.000, 0.459)
0.029 (0.000, 0.168)

0.000 (0.000, 0.410)
0.000 (0.000, 0.100)
0.188 (0.040, 0.456)
0.053 (0.001, 0.260)
0.000 (0.000, 0.100)
0.000 (0.000, 0.073)
0.000 (0.000, 0.017)
0.000 (0.000, 0.708)
0.000 (0.000, 0.039)
0.027 (0.008, 0.077)
0.000 (0.000, 0.013)

0.032 (0.001, 0.167)

0.000 (0.000, 0.016)

%
Weight

5356
240
7.75

272
8.44
512
577
8.44
10.03
15.83
137
12.96
13.68
84.38

7.88

0 25

Piche-Renaud et al, Am. J. Transplant 2023



The science on live vaccination post-transplantation is evolving.

* Increasing evidence on the safety of MMR and varicella vaccines

Greater benefits than harms in children
» absence of primary vaccination »  higher immunogenicity

N/

** Polio, oral typhoid, and inhaled influenza vaccine contraindicated

Patients in whom live vaccina- * Clinically unwell

tion post-solid organ transplant « Cardiac, lung, and multivisceral TR*

should be deferred * High-level immune suppression
o Cllnll:a”'{ unwell Group 1: * Patients with current rejection

Defer Vaccine * Use of novel biologic agents (other han those outlined in the table)
* Current re]ectlon * Use of the following agents:
* High level immune suppression ATG <1y prior
- - Alemtuzumab <2 y prior

* Recent or novel biologic use T Y
. Under‘lylng [Ttz ImmunOdEﬁuencv Patients in whom live vaccination Clinically well
- Heal't, Lung or Multiﬁsﬂeral transplant“ |:| post-SOT is likely to be safe Do not meet criteria in yellow or red boxes and meet all 3 of the following criteria:

1. Timeline criteria:
Group 2: ) * 1y posttransplant AND
Proceed with * 2 mo post-rejection episode

POST
«  MMF 2. Intensity of Immunosuppression Criteria:

_ n 8 * Steroids (prednisone equivalent) <2 mg/kg/d or total cumulative <20 mg/d
TRANSPLANT CAUTION . HIStOI"y of ATGfAIemtuzumabeltu)umab + Tacrolimus <8 ng/mL for two consecutive readings
. Persistentlv elevated EBY * Cyclosperine <100 ng/mL for two consecutive readings

J . AND
/ { *  Functional Tolerance Minimum Immune Criteria:
* ALC
>1500 for children <6 y and >1000 cells/pL for children >6 y
« CD4
>700 cells/pL for children <6 y and >500 cells/uL for children >6 y
+ Normal total serum IgG for age

.
@

* Ensure all timeline, immunosuppression & immune criteria are met Patient where evidence for safety ~ * Patients who have received mycophenolate mofetil (MMF)/mycophenolate
\. Ob = Fiat d and efficacy of live vaccination sodium
VACCINATE t.all'l n DrnTe COI'IS(?nt X . post-SOT is unclear. Patients whe  * Patients who have received the following T cell-depleting agents:
Active & Passive surveillance mechanism for adverse events ng;::te with meet these criteria may be eligible ATG—wait 1y® )
» Consider two doses of VV and post vaccination serology to guide MMR doses - BB R S L i

in-depth evaluation, and provided Use of rituximab—wait 1 y®

they meet the minimum timeline, Patients with persistently elevated EBV viral loads.

immunosuppression and immunol- Liver transplant recipients who are undergoing immune suppression with-

ogy criteria in Group 1 drawal with the goal of cessation or those who are deemed to have “functional

tolerance”

Suresh et al. PEDIATR TRANSPLANT 2019



Is there reduced efficacy of vaccinations?
How can vaccine efficacy be improved?
Is the assessment of vaccine response needed?



Inflammaging impairs vaccine responses kidney failure.

Inflammaging

Uraemia Oxidative Immune cells +—————— Soluble factors

stress * Activation A *IFNy T
\ * Proliferation o’ o |L-1P T
) Dialysis 5 L / * Migration 1 s TNF T
[ Inte stinal _ membrane * TCR repertoire ’ o lL-6 T
| permeability bio-incompatibility | Tcells « Naive T cells 1 (e e 1
f / | ® Tpma cells T °|L-18 T
|' \ | 1 elL-12 1
II |I | () - .

| \ » Antigen presentation |
\ Immuno- Vitamin D .'I . Fhaggocyfogis J, * CXCL10 T
|\ suppressive deficiency / APCs *IL-10 1

\\ i) { » Activation A

L\ 7, » Proliferation 4

EPO B c_ells * Maturation I

kidney damage | deficiency
Premature ageing of the immune system —<——— Inflammarion

cell S
'|' -|- T cell help

Premature ageing Corticosteroids }r
Anti-thymocyte globulin

a b Secondary lymphoid organs
T— _F_,/ i * Calcineurin inhibitors 3
— — E Premature ageing * mT(_)R |nh|b|Fors i
Recombinant ! Anti-thymocyte globulin * Antimetabolites |
protein and adjuvant i * Premature ageing i
! * Low-grade inflammation |
! Uraemic toxins !
! CD8 . !
Skin / ! J_ effector ©® _ O—Pro-inflammatory |
Protein Adjuvant E MHC TCR Naive ™ = cell 'Y e cytokines 3
| = D8 cell o] !
i ) K ’ CDs8 - i
(03 ' | B memory / \ I
| |
i D28 — XN N !
: CDS0 or CD86 \/ D
; or / = \ |
Activation i Anti-IL2R ( // \ |
and migration i IL7—o, / antibody &)\/‘ 3
PRR | [ !
i \ @ Tecell help |
| |
i |
1 i I
| |
| i
| |
1 i
I i
1 |
; 3
= Uraemia E 3
* Glucocorticoids Vaccine-derived peptide ! !
I i
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Babel et al, NATURE Revlews | NEPHROIOGY 2022



The immune response to influenza vaccines is less robust and more heterogenous
in dialysis patients and SOTRs compared with healthy individuals.
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non-standard vaccination schemes:

v" most studies are small

v protection rates vary

100 —

(@]
[e]
e o
75 —|
8
o] 2 QS H
: O
S
(]
w
X
25 — o
AHIN1 AH3N2 B

% of individuals with titers >21:40 after standard
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Crespo et al, Clin J Am Soc Nephrol. 2011
Chong et al, Clin Infect Dis 2018



There are limited data for pneumococcal vaccine effectiveness in the dialysis

and KTRs populations.
Antibody titers undergo a significant decline during follow-up for almost all serotypes.

* 17 HD patients >50 years e 47 KTRs

" PCVIS « PCV7vs PPV23 T

* 12 months follow-up + 3-years follow-up i I |
v’ Seroprotection in 70% of patients. S L Ql

v’ Baseline vaccine response to each
serotype 23.5%-94.1% .
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Pneumococcal serotypes
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Mitra et al, Clin Vaccine Immunol. 2016 Kumar et al, Am J Transplant 2007



RSV vaccine induces strong IgG and CD4 T cell responses with RSV-A/B
cross-reactivity in CKD patients and KTRs.

Vaccine efficacy in CKD = 66.4%

RSV A April 2024 October 2024 April 2025
(6508 5.7 (50,800 7 300) b g Part | . CKDinedi)
‘ ' ' ! I ' ' ' Cross-sectional LuT (=5
6.4 86 210 138 MFR® KTx (n=124)
(458,89 (8.8,10.8) (7.0.63.4) ®7,22.1) dsz ey ; O
1,000,004 T 1 -
= : :
O  100.00( : .
5 57 Part || O Il <D (=19
£ 1000 Longitudinal . . LuTx (n=30)
- = before/after vaccination Immunity KTx (n=46)
§ 1000
=
© 10 . - _
2 LLLE & g
SOT Immunomodulator Advanced ESRD on
(N=67) therapy NSCLC hemodialysis '| RSVPreF3-AS01g, n=19 "\
N=94 N=3 N=28 ¢
(N=s4) (N=3) (N=28) Patients with
[r—— ol o | 14(QR0S5, range 13-15) days |
RSV B before after
7A 8.9 105 127 CMFR® n= 79 n=79
— — — | 1 gRSVPreF?:—Asm . N=20 ’
9.5 28.0 148 EMFRD / RSVpreF, n=10
(75.12.1) (7.2,100.7) (8.3, 231) b5 cly | ' |
1,000.00 — — — Lung transplant
. reciplonts =30 |  185(QR7 range 7-47) days |
O 10000 before after
5 n=22 n=30
§ 100 s
= ;7 RSVPreF3-AS01, n=45 i
£ 1000 =
§ Kidney transplant L RSVprer H=1 v
2 10 recipients =46
2 y E before after
S0T Immunomodulator Advanced ESRD on n=44 n=46
(N=67) therapy NSCLC hemaodialysis
(N=94) (N=3) (N=28)

Almeida et al, Vaccines (Basel). 2025 Lassen et al, N Engl J Med. 2025 Bronder et al, Am J Transplant 2026; 26:499.



cell response in patients on dialysis and KTRs.

%CD69" IFNy' CDA T cells

HZ/su vaccine is well tolerated and induces a multifunctional VZV-specific CD4 T-

29 dialysis pts and 39 healthy ctrls
specific antibodies and CD4 T-cells
lower in patients vs controls

VZV-specific CD4 T-cells

107

0.1

<0.01-

X 23.3 X7.7

p=0.042
| |

19 o000 %@f &
YN Y

26

pre vi postvi pre v2 post v2

Hielscher et al, eBioMedicine 2024

CD4 [2+] T-cell frequencies.

« 264 KTRs

 multicenter RT

* strong and long-lasting responses

e tolerable safety profile

* nosevere kidney damage or rejection

ooooo

0 i
2 10000
< |
o | mmr= = = = o mm
N= 121 19 121 119 121 19 10 115 m m 46 a1
Mo m1 w2 m7 m13
Overall

nnnnn

Humoral ERITSO.Z%

40 |75 78 75 78 69 76 00T
M1 M7 M13

8 4 46 4 U] 4 ‘ FEA ]

Vink et al, Clin Infect Dis. 2020



Adjuvanted or high-dose influenza vaccines intend to achieve better seroprotection.

Does high-dose trivalent influenza vaccine benefit
dialysis patients? QJMAOS [\J o . . a |
, — . . 0 prospective evidence |

Cohort pitaizationat LAY ccuring atleast : . :
Qo o s == . for the adjuvanted

in2075.16 and - BOURREE ae ~ vaccine still lacking

?314 patients s i b=l 3 ENON ! !

in 2016-17 s & ¥4 &

At. 2_30 flialysis |

S S o &

influenza 6%

, = o 93 HE @ oD
201647 s o e ‘l’Q S &1’0 Is high dose influenza vaccine more effective N M ZG 2 D
 season e than the standard dose in patients on dialysis?

5> | Dana Miskulin, Daniel Weiner, Hocine Tlghmuan Eduardo Lacson Jr, Klemens Meyer, Taimur Dad, a Methods Intervention Outcomes
i Harold Manley. High Dose S ine in Pati Undergoing

| Dialysis. CJASN doi: 10.2215/CJN.03390318. . S e
| Visual Abstract by Pablo Garcia, MD. E USRDS All cause mortality 1I ;1" :::zﬂ:::;: I:;r Influenza like illness

———— observational

ﬁ 8.7% 7.6% 28.1%
n=507,552
®

Patients included h ﬁ &

>65 years
g N = 225,215 9.3% 9.2% 30.0%
Risk difference (SDV vs HDV)
(U L]
5 influenza -0.08% 0.15% 0.00%
seasons
(2010-2015) Limitations - Residual confounding and outcome misclassification

Reference: Butler AM, et al. Comparative Effectiveness of High-Dose

i N . Versus Standard-Dose Influenza Vaccine Among Patients Receiving
protection beyond the standard dose against all-cause mortality or ;10 nance Hemodialysis. Am J Kidney Dis. 2020 Jan:75(1):72-83.
influenza-related outcomes for adults undergoing hemodialysis. Future T
studies are warranted. Visual abstract by Krithika Mohan, MD W @krithicism

Conclusions: The high dose vaccine did not provide additional



Two Doses of Inactivated Influenza Vaccine Improve
Immune Response in Solid Organ Transplant Recipients:
Results of TRANSGRIPE 1-2, a Randomized Controlled
Clinical Trial
Single-Dose Booster Dose
Vaccination Group Vaccination Group OR (95% CIi/f NNT (ARR, %) With
Variable In=213) n=211) P Coefficient (35% CI) Booster Dose
Short-term seroconversion rate
A{HIN1)pdm 33(32.7) 43 (46.7) 1.81 (1.009-3.24)* 12 (14.1)
A[H3N2) 38 (30.2) 45 (39.1) 1.49 (.87-2.54) 81(9)
Influenza B 53 (63.9) 63 (75.9) 1.78 (.91-3.50) 912
Long-term seroconversion rate
A{HIM1)pdm 20019.8) 19(20.7) 1.05 (.62-2.13)
AH3NZ) 57(45.2) 47 (40.9) 0.84 (.50-1.40)
za B A2 (F0E) B3 (R30) 173093.321)
Short-term seroprotection rate
A{HIN1)pdm 92 (43.2) 114 (54) 1.54 (1.05-2.27)* 10 (10.8)
A[H3N2) 97 (45.5) 120 (56.9) 1.58 (1.08-2.31)* 9(11.3)
Influenza B 183 (71.8) 176 (83.4) 1.97 (1.23-3.16)** g(11.6)

Immunogenicity of High-Dose vs. MF59-adjuvanted vs. Standard Influenza Vaccine in Solid i ]Dg —\
e

. . Organ Transplant Recipients: The STOP-FLU trial N \
Cordero et al, C/In lnfect DIS 201 7 Mombedi ¢t al, 7023 | Cinical infectious Disesses Infections Diseases Society of America

BACKGROUND: Which is the best strategy for vaccinating solid-organ transplant recipients against influenza?

{intervention), or a standard
influenza vaccine (control).

High-dose vaccine MF59-adjuvanted vaccine Standard vacone

PARTICIPANTS: Solid-organ transplant recipients > 3 months n=203 n=209 n=203
after transplantation g ?! 5 5

El.l----nnt.-n.-onl-lallln.l..ntl-nl-E > o RR=0.24 : RR=017

: METHODS : f Antibody response 66% 95% €1 703 - 10] 60% 95% €1 {0.08 - 10 42%

_ * 9 transplant clinics in : . :

i Switzerland and Spain. : Jé‘::} Influenza 7% 5% 6%

i * Patients were randornized (11) &

i toaMF59-adjuvanted ora : ,

i high-dose influenza vaccine : Reactogenicity 86% 84% 59%

CONCLUSION: In solid-organ transplant recipients, use of an MF59-adjuvanted or a high-dose influenza vaccine was safe and resulted in a
higher vaccine response rate.

Clinical Infectious Diseases https://doi.org/10.1093/cid/ciad477




A real world comparison of HepB (Engerix-B®) and HepB-CpG
(Heplisav-B®) vaccine seroprotection in patients receiving
maintenance dialysis

Up to 4 consecutive doses (N=752) = 6 months lapsed

SP=82.0% ° o
(<0.0001 compared o 62.5% Heot a8 mant) Seroprotection anti-HBs>10 miU/ml
r |
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HepB Series 1 (N=2,623) = 8 months lapsed

40 ug of HBsAg SP=62.9%
2 mL each dose (p<0.0001 compared to 50.1% HepB-CpG at 3 months)

Manley et al, Nephrology Dialysis Transplantation 2023
Girndt et al, Hum Vaccin Immunother. 2022



Vaccination strategies are crucial for close contacts.

v' family members
v" health care workers
v’ pets

Diseases and vaccines potentially targeted by cocooning strategies for CKD patients.

Household contacts HCWs
Children Adults
Tdap NA Tdap one time (if not done) then Tdap one time (if not done) then
Td every 10 years Td every 10 years
Hepatitis B virus Routine immunization Testing and booster consideration Testing and booster consideration
PCV13/PPV23 Routine immunization PCV13 — PPV23 (8-week interval) NA
Inactivated influenza vaccine Annual administration Annual administration Annual administration
Measles—mumps—rubella Routine immunization Vaccination if non-immune Vaccination if non-immune
Varicella Routine immunization Vaccination if non-immune Vaccination if non-immune
Meningococcal Routine immunization NA Recommended for HCWs routinely

exposed to isolates
HCW: Healthcare workers; PCV13: 13-Valent conjugate pneumococal vaccing; PPV23: 23-Valent pneurnococcal polysaccharide vaccine.

Bitsori et al, Expert Rev Vaccines. 2015



Not all vaccines require the monitoring of serologic response.

v" HAV, HBV, HiB, and rabies, varicellaand MMR recommended for evaluation

e Assessing the serologic response to vaccination should be a standard practice before
transplantation

* Data on the post-transplant monitoring of serologic response remain a subject of debate.

To avoid false-positive results, serologic tests should not be used in patients who recently

received blood or antibody-containing products.

o

100

&

z

5

= 8-

5 8-

B o ' * The initial vaccine response is
g ¥ 7 i

5 o a strong predictor of the

2 N 7| = anti-HBsAb<100IU/L : :

5 _ | —- anirBsAb>1000i 0<0.0001 duration of protective effects.
ﬁ | | | | | | ]

= 0 2 4 6 8 10 12 14

Time elapsed after kidney transplantation (months)

Moal et al, J. Clin. Virol. 2015



Do vaccines confer improved outcomes and particularly
a survival benefit?



Prospective studies on the impact of influenza vaccination on hospitalization
or mortality in CKD are lacking.

A All-cause mortality during influenza season.

Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 85% CI
Bond 2012 -0.3147 0.0438 28.4% 0.73[0.67, 0.80] L]
° ° e Gilbertson 2003 -0.2674 D.0BB4 19.3% 0.77 [0.85, 0.91] -
Syste m at I c reVI ew o I n u e n za va CCI n e McGrath 2012 -0.3425 00072 33.8% 0.71[0.70, 0.72] L]
Wang 2013 -0.7133 00908 185% 0.49[0.41, 0.59] -

Total (95% CI) 100.0% 0.68 [0.61, 0.76] +

effectiveness in kidney failure.

Testfor overall effect: 2= 6.69 ¢ < 0.00001) Favours [experimental] Favours [control]

H H B All-cause mortality outsideinfluenzaseasons (“off-season”).
5 observational studies
. . Study or Subgroup  log[Odds Ratio] SE IV, Random, 95% Cl IV, Random, 95% CI
° d d_ “ d I Bond 2012 -0.1054 0.0796 0.90[0.77,1.05] A
no ran Omlze Contro e trla McGrath 2012 -0.7985 0.0475 0.45[0.41,0.49] +
0ol 01 10 100
Favours [experimental] Favours [control]

/ 32% red u cti o n i n mo rta I ity ris k C Hospitalization dueto influenza or pneumonia duringinfluenza season.

Odds Ratio 0Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Gilbertson 2003 -0.1054 01282 75% 090[070,1.16] 2003
Slinin 2006 -0.0726 003989 324% 093[0.66,1.01] 2006
MeGrath 2012 -0.1744 00123 478% 0.94[062,086] 2012
Wang 2013 -0.2614 00843 123% 0.77[0.64,093] 2013 =
Total (95% CI) 100.0% 0.86 [0.80, 0.93] ]
Heterogeneity: Tau®= 0.00; Chi*= 7.19, df= 3 (P= 0.07); F= 58% IIZIEH ﬂ11 i 110 mﬂl
Teetioraverall BiECkases 03{E s 00T Favours [experimental] Favours [control]

D Hospitalization due to influenza or pneumonia outside influenza seasons (“off-season”).

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE IV, Fixed, 95% C1 IV, Fixed, 95% CI
McGrath 2012 -0.3011 00741 0.74[0.64, 0.96] +
!

1
0o 01 1 100
Favours [experimental] Favours [control]

Remschmidt, BMC MED 2014




Seasonal influenza vaccination is associated with reduced morbidity and
mortality in peritoneal dialysis patients.

4608 incident PD patient

The incidence rate of mortality was 10/100 patient-years in vaccinated vs 16 in non-vaccinated pts.

Incident morbidities and mortality and associated Cox method measured HR for vaccinated PD patients compared with
propensity score matched non-vaccinated patients.

Outcome Non-vaccine acci Crude HR (95% CI) Adjusted HR (95% CI)*
Event PY
Hospitalization 1088 1357 80.2 999 1459 68.5 0.86 (0.79,0.94)*** {]l 85 (0.78, 0.92)***
Pneumonia/influenza 154 1854 8.31 146 1927 7.58 0.91 (0.73, 1.14) 90 (0.72, 1.13)
Septicemia, bacteremia and viremia 224 1847 12.1 184 1929 0.54 0.79 (0.65,0.95)* {'_i 79 (0.65, 0.96)*
Respiratory Failure 133 1886 7.05 113 1959 577 0.82 (0.64, 1.05) 0.83 (0.64, 1.06)
Stroke 109 1866 5.84 99 1938 511 0.88 (067, 1.15) 0.87 (0.66, 1.14)
Heart disease 287 1783 16.1 226 1873 12.1 0.75 (0.63, 0.90)** 0.74 (0.63, 0.89)***
Peritonitis 405 1719 23.6 356 1799 19.8 0.84 (0.73, 0.97)* 0.84 (0.73, 097)*
Intensive care unit 352 1802 19.5 314 1879 16.7 0.86 (0.74, 1.00)* {} 85 (0.73, 0.99)*
Mortality 302 1912 15.8 202 1979 10.2 0.65 (0.54, 0.77)*** 66 (0.55, 0.78)*+*

PY, person-years; rate, incidence rate, per 100 person-years; crude HR, crude hazard ratio.
*Adjusted for age, sex, comorbidities, icodextrin use and calendar vear.
*P<0.05 *P<0.01; **P <0001

Wang et al, Nephrol Dial Transplant 2016



Prescription of at least one anti-pneumococcal conjugate vaccine is independently
associated with survival in patients starting dialysis.

French dialysis registry Vaccination reduced the risk of mortality by 49%.

8294 incident dialysis patients 8-
e 1849 vaccinated prior to or after dialysis start
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The excess burden of influenza and IPD highlights the importance
of vaccinations for transplant recipients.

e 4858 solid organ recipients followed for 39 183 person-years

Pneumococcal disease
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Pertussis
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Waller et al, Open Forum Infect Dis. 2022



The occurrence of a VPI is associated with an increased risk for graft loss or

death in SOT recipients.
HR = 2.44 for death and/or graft loss

* 4967 SOT recipients in Switzerland  (95%Cl, 1.50-3.99; P = 0.002)

Figure 2. Vaccine-Preventable Infections (VPIs) in Solid Organ Transplant (SOT) Recipients and the General Population

|E| Incidence rates of VPIs in SOT recipients and the general population

100005 o o
E VPIs > X 27 higher in
& SOTR vs the general
2 1000
& ] i
3 population
o
=
=
= 1005
S ] = T ]
=2 ] J_ —|_ — —|_
2 T L T
; L
LTl
= 104 u
: ] J.l J
=
o
a
=
S g4 =
E 3 dm
] 50T recipients
1 | m General population
' Lal:u:-réltury- THI:Ic- In'l.re;sll.'e In'l.ralsll.'e In'l.ralsll.'e Dw.;rall 'n.farl::ella F'rlr;'Larg.r Fa-rtlussls Dw.;rall
conflirmad bome pneuma- Haemophllus meningo-  notifiable zostar hepatitis VPIs
Influenza? encephalitls? coccal  influenzae  coccal VPIs2 virus B infection
disease?  Infection®  disease? Infection

Walti et al, JAMA Netw Open. 2023



In SOTRs RSV vaccine effectiveness against ARl ranged from 50% to 69% and
from 55% to 58% for ARI-associated hospitalization.

E Transplant recipients

No. of vaccinated

MNo. of vaccinated

controls/total No. (%)

Vaccine
effectiveness,
% (95% Cl)

1492/11614(12.8)

1068/8449 (12.6)
424/3165 (13.4)

73.4(61.9-81.4)| |
66.9 (54.6-78.4)| :
90.8 (71.0-97.1)| :

650/4587 (14.2)
476/3584 (13.3)
174/1003 (17.3)

33.4(12.3-49.4)

29.4 (3.5-48.4)
44 .4 (1.0-68.8)

vaccine effectiveness = 75%
among adults > 60 years

453/3528 (12.8)
309/2623 (11.8)
144/905 (15.9)

1186/9943 (11.9)
835/7213 (11.6)

Age group, y cases/total No. (%)
Solid organ transplant recipients
ARI
=60 32/847 (3.8)
60-74 29/634 (4.6)
=75 3/213(1.4)
Hematopoietic stem cell transplant recipients
ARI
=60 62/626(9.9)
60-74 48/492 (9.8)
=75 14/134(10.4)
Transplant recipients
ED/UC
=60 26/450(5.8)
60-74 17/328(5.2)
275 9/122(7.4)
Hospitalization
=60 45/798 (5.6)
60-74 33/592 (5.6)
=75 12/206 (5.8)

351/2730(12.9)

58.4(37.4-72.3)| |
59.1(32.4-75.2)| :
57.9(15.1-79.1)| :

55.9 (40.0-67.5)| :
54.9 (35.4-68.5)| :
58.1(24.1-76.8)| :

20 40 &0 BID lEIJD
Vaccine effectiveness, % (95% Cl)

Fry et al, JAMA Network Open. 2025



Does vaccination pre- or post-transplant increase
the risk for rejection?



Does vaccination in solid-organ transplant
recipients result in adverse immunologic sequelae?
A systematic review and meta-analysis

. * 8 prospective controlled studies
e 90 studies

e 15645 vaccinated patients
e 42924 control patients

v" No increased rejection risk with vaccination
VS no vaccination.

Study Events, Events, %
(o} RR (95% Cl) Treatment Control  Weight
1
. d f d d . Cohort Studies :
Incidence of de novo DSA (14 studies) — ENEEE W @ N
‘ Kobashigawa 1993 1 050(0.10,2.40)  2/18 a8 666
)
Mack 1996 —_— 067(0.30,153) 647 26137 2237
[ % 21-94d ‘ —t :
23 Of 1244 patlents (1'85 0) at - ays Moudgil 2013 :ho— 150(0.65,348)  6/14 828 2149
Schaffer 2011 1T 160 (0.85,3.00)  8/15 1545 3587
Subtotal (I-squared = 20.3%, p = 0.285) <> 110(067,1.79) 2227 55290 0824
'
I . d f . t . 8 3 t d . Randomised Controlled Trials
nciaence o reJeC Ion ( Stu IES) Kumar 2008 RCT ' - 305(0.13,7338) 1/56 057 165
1
Blumberg 1998 ! + 400(0.51,31.46) 4/14 114 389
Magnani 2005 adjuvant - 038(0.04,3.84) 121 278 3
107 Of 5116 pat|ents (2.1%) at 0_7-6 months Magnani 2005 no adjuvant + : 038(0.04,384) 1121 216 311
Subtotal (I-squared = 15.1%, p = 0.318) <> 111(0.30,4.05) 7112 5103 1176
Overall (I-squared = 4.5%, p = 0.398) <Z> 112(0.75,170) 29/230 60402  100.00
T T
1 1 70

Mulley et al, J Heart Lung Transplant 2018



o — " single0 Humoral immune res| ponse
F |@ .0 . Immunostimulants. A, .
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Fears of altering immunotolerance of the transplanted organ when used after Tx

Vaccine Adjuvants in the Immunocompromised Host:
Science, Safety, and Efficacy

Haya Hayek! | Lana Hasan? | Justin Z. Amarin® | Yasmeen Z. Qwaider! | Olla Hamdan' |
Wanderson Rezende' | Kevin C. Dee* | JamesD. Chappell’! | Natasha B. Halasa'

Transplant Infectious Disease, 2025

v" Aluminum salts v’ CpG 1018 v' MF59 v' ASO3 v’ ASO01B

o AS04 o AHQ-II o Virosomes o RC-529



How do we encourage vaccine uptake in our patients?



The limits of refusal: An ethical review of solid organ
transplantation and vaccine hesitancy

Olivia S. Kates?® | Erica J. Stohs®® | Steven A.Pergam®® | Robert M. Rakita’

Marian G. Michaels®
Michael G. Ison”®
Douglas S. Diekema®

Individual
Community

Individual
L ]

)

Community

| Cameron R. Wolfe’® | Lara Danziger-lsakov®® |

| Emily A. Blumberg® | Raymund R. Razonable!®® | Elisa J. Gordon®

1

Recipient * Increased risk of vaccine-preventable illness and sequelae
e Delayed diagnosis due to atypical presentations and broad differential
e Risk of non-adherence to other therapies and sequelae

Other patients e Risk of transmission to solid-organ transplant patients in the clinic or
transplant unit
* Risk of transmission events to other vulnerable patients outside of
transplantation

Institutional environment * Risk of transmission to hospital staff
e High cost and limited availability of post-exposure treatments

Transplant center * Risk of legal liability related to individual outcomes, transmissions, or
exposures
e Risk of temporary shutdowns related to infectious disease outbreaks

Graft e Risk of graft failure or dysfunction from vaccine-preventable illness
e Risk of graft failure or dysfunction from non-adherence to other
therapies

e Missed opportunity to allocate to another recipient with potentially
better risk profile

Am J Transplant. 2021;21:2637-2645.



Vaccines should be a Core Conversation in Nephrology.

* Nearly 50% of survey responders were uncertain or misinformed about

vaccine efficacy and safety in CKD.

Perceptions About Influenza and COVID-19 Vaccines

Among People With CKD
Setting & Participants Results Findings
c s o . Vaccine Hmitsscy: Koy Porceptions Assoclated With Vaccine Mestancy
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COMMUNICATION GAP BETWEEN
PATIENTS AND PROVIDERS

Zou et al, Am J Kidney Dis. 2025
Subramanian et al, Am J Kidney Dis. 2025



Improving Vaccination in People With CKD: Report From
a National Kidney Foundation Working Group

Susan F. Massengill, Kenneth A. Andreoni, Keith A. Bellovich, Cheryl Courtlandt, Vimal K. Dereball,
David L. Feldman, Gia J. Oh, John W. Sleasman, and Kristina A. Bryant, on behalf of the Improving Vaccination
in CKD Working Group

Training and Resources for Health Care Workers
and Patients With CKD

The Working Group recommends that:

« Educational

materials| about

evidence-based, CKD
disease—speciiic vaccne recommendations be developed
to support health care workers, patients, and families.

« Vaccine-specific discussion scripts| using best practice

phrasing, be developed by professional and patient or-
gamzations for clinicians to use to discuss vaccines more

confidently with patients with CKD.
« Nephrology and primary care clinics should consider

establishing

vaccine champion(s)

who lead and coordi-

nate activities for patient vaccinations.

Training of Health Care Teams for Vaccination
Discussions With Patients With CKD

The Working Group recommends that:

+ Health care teams, including primary care and nephrology
clinicians and staff, receive formal training on

O

O

O

The importance of vaccination in the early stages|of

CKD, given reduced vaccine efficacy with advancing
CKD.

The delivery of |Cvidcncc—based vaccine information |t0
patients with CKD and their families while accounting
for the patient’s background and beliefs.
Communicating scientific information and addressing

myths.

Massengill et al, Am J Kidney Dis 2025



Digital health technologies may offer a solution by addressing
transplant-specific barriers.

v' Technology be leveraged to accurately track and promote age-appropriate vaccines
for people with CKD.

v A national vaccine registry exists for all patients.

Digital Health Tool
0
izati i Reminders sent with
Immunization Barriers Stakeholders / o ° \ I SPEREHG Iforetion
| i Knowledge about vaccine use —1 | Provide pre-transplant
i : vaccine information about
I i Knowledge aboutvaccine safety éo — | safety, efficacy, timing P) @ Q
Ly %) 5 Provide data about VPIs A A m
. S PP Enroliment y ) 200
| Belief about vaccine importance §§) § | | in specific populations - W 3
1 = Q2 ) . (#
. | Access tovaccine records S 5 ———| | Provide a centralized l
1 = oy vaccine repository Appointment Booked
| Coordination of care % 2 § —1 | Allow for tri-dircctional ‘ l
| o communication l;_ S bl "‘"“
i 3 — . 5 t i t
/. | : Medical home for complex patients | ™ Delineate responsibilities 0 @ stakeholders -
I ; o - __| | Provide reminders when >
Tracking when vaccines are due vaccines are due using the i Data Entered Vaccination given \
'#\ accelerated schedule A ) ,
Missed O
lmmynizatio
ortunities

Feldman et al, Am J Transplant. 2020
Massengill et al, Am J Kidney Dis 2025



Future directions

* Clinical trials to evaluate the safety and efficacy of vaccines should include
people with CKD.

* How to monitor protection and then under what circumstances to administer
a booster vaccine remain unclear.

* The available data on vaccine uptake clearly indicate a gap in care, which is
systematic and present across all programs and geographic areas.

* There is also hope that vaccines will become available against pathogens that
have been difficult to combat for years, such as CMV, HCV, malaria.






The development of a systematic approach tailored to the specifics of the
individual programs improves the vaccination status after introducing a
regular workup in all candidates.

Immunization history
Serological immunity at listing (ELISA for HAV, HBV, measles, VZV, tetanus toxoid,

PNEeuMococci).

A NENERN

Vaccination records very rarely available (8%) despite years of follow-up.
Vaccine serology readily identified patients with or without immunity againstVPIs.
Vaccine history is less useful screening to identify patients requiring a booster dose vs serology.

Blanchard-Rohner et al, Am. J. Transplant 2019




There is a systematic gap in care, present across all programs and geographic areas.

* Rochester Epidemiology Project
* 468 adult SOT recipients (70% KTRs)

Vaccination rates of:

> 57% to 63% for influenza v living outside urban centers

> 56% for pneumococcal vaccines v_lower socioeconomic status
Time transplant patients spent undervaccinated.

Pneumococcal <ENNSEREG,

201/458 (43.9%) 188/451 (41.7%) | 168/432 (38.9%) Median 42 mo

Lp to dale ot up 1o date not up Lo date undernvaconaied
Pre-lranspianm Transplant 3 mo post 6 mo post 12 mo post 24 mo post 36 mo post 48 mo post
245/204 (83.3%) | 130290 (44.8%) 1 1191275 {43.3%) | Median 36 mo

not vaccnated not vaccinated l not vaccinated ! ungarvaccinaled

influenza <RGN Vaechaion

Felzer et al, Transpl Infect Dis. 2023



nearly 50% of survey responders were uncertain or
misinformed about vaccine efficacy and safety in CKD

Perceptions About Influenza and COVID-19 Vaccines

Among People With CKD
Setting & Participants Results Findings
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Strategies to Enhance Vaccine
Uptake in Patients With CKD

v’ Presumptive campaign

v Motivational interviewing

v' Acknowledge side effects
and benefits

v’ Designate vaccine
champions

v’ Tailored education materials

v' Reminder and recall systems

Zou et al, Am J Kidney Dis. 2025
Subramanian et al, Am J Kidney Dis. 2025




Serological tests

(HBsAg, anti-HBs, anti-HBc) | Atleastone

all negative
h 4

primary immunization
intramuscular, all vaccines®
schedule according to label

A 4

No vaccination

parameter positive

serology
(anti-HBs)
>100 IU/L 7Y < 10 IU/L
v v
serology 10-10W/L HepB-S: Repeat primary immunization
» (anti-HBs) or 1x HepB-AS04
annually or 1x HepB-CpG
<100 IU/L *
> 10 UL serology
(anti-HBs)
4 weeks post-vacc.
! | <10 1U/L
single booster dose ) No further vaccinations

HepB-S or HepB-AS04 or HepB-CpG

annual HBsAg-test
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* Loss of vaccine
efficacy

* May require booster
dosing esp.
Pneumococcal,
Tdap

* Consider checking
Hep B titers

* RSVandVvzv
vaccination

* Annualvaccination

e
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