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The risk of infection post transplant 
is time-dependent

0

+15

+30

+60

+90

fungi

gram -
gram +

CMV

pneumocystis

0% 20% 40% 60% 80%+180 encapsulated
Adapted from Ogonek FI 2015



Time to recovery of donor immunity
Time to appearance Time to normal



Mechanisms of Immune Recovery after Transplant



1) Conditioning regimen
2) GVHD prophylaxis
3) GVHD
4) Graft source
5) Thymic function
6) Virus reactivation

Factors contributing to 
immunity post transplant



1) recipient immunity is destroyed
before transplant
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DRUG MECHANISM

• CSA/FK-506 blocks NFAT and IL2 trancription
in activated T cells

• Corticosteroids blocks function of APC. Apoptosis
of T lymphocytes.

• Methotrexate Blocks nucleotide synthesis by 
activated T lymphocytes.

• Mofetil Mycophenolate Blocks nucleotide synthesis by 
activated T lymphocytes.

• Rapamycin Binds FKBP and bloks G1-S 
progression.

• Cyclophosphamide induces apoptosis of activated T 
lymphocytes.

2) Immunosuppressive drugs after HSCT



3) GVHD reduces
immunity

hyposplenia

thymic involution

BM suppression



PBSC (n=121) MARROW (n=81) CORD (n=135)

TNC 900 (670-1260) 290 (233-370) 32 (25-50)
CD34+ 4.9 (3.8-6) 2.2 (1.4-2.6) 0.14 (0.1-0.25)

mDC 1.7 (1.2-2.4) 0.8 (0.5-15) NV
pDC 2.5 (1.7-3.4) 0.7 (0.4-0.9) NV

CD14+ 211 (145-278) 6.6 (3.9-10.1) 1.4 (1.3-2)
CD19+ 46 (30-64) 6.7 (4.5-9) NV
CD56+ 34 (25-48) 4.2 (2.8-7.2) 1.6 (1.2-2.5)

CD3+ 201 (144-285) 24 (18-28) 3.1 (2.4-5.1)
CD4+ 115 (87-165) 12 (9-15) 2.4 (1.5-4)
CD8+ 80 (56-117) 12 (9-15) 1.6 (1.3-2.5)

4) Composition of different grafts

Arpinati EBMT 2007
Petterson BMT 2008



5) Thymic function
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6) Virus reactivation

CMV positive patients



Our data on Immune Recovery
Flow cytometry
Myeloid DC, 
Plasmacytoid DC, 
CD16 DC, 
CD16 mono, 
CD14 mono.
CD3+ T lymphocytes
CD4+ T lymphocytes 
CD8+ T  lymphocytes
T regulatory cells
B lymphocytes, 
NK cells

503 consecutive 
patients transplanted 
in our institute 
between 2000 and 
2014 had PB samples 
collected at 1, 3, 6, 9 
and 12 months after 
transplant.

Ulbar et al. EBMT 2017
Bonifazi et al. BMT 2018
Bonifazi et al. BMT 2019



recovery of immunity 
post transplant:
T lymphocytes



recovery of T cells
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J. Storek, Clinical BM and Blood SC Transplantation, 2000



T cell dose influences recovery

Ulbar et al. EBMT 2017
Bonifazi et al. BMT 2018
Bonifazi et al. BMT 2019
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T cell recovery after CBT and ATG dose

Bonifazi BMT 2019



Recovery of CD4 T cells after T cell
depletion….in vitro

Salzamann Manrique FI 2018

CD34+ SELECTED

CD3/19 DEPLETED



Partial T depletion: alpha-beta T cells

no IS 



Recovery of CD4 T cells after T cell
depletion….in vivo

NO ATG
YES ATG

Ulbar EBMT 2017
Bonifazi BMT 2018



-> at least 50 CD4+ within 3 months

Importance of ATG exposure

Admiraal Lancet Haematol 2015



CD4+

total naive

CD8+

total naive

Better recovery with pTCy? Massoud Haematologica 2022



CD4+ T and Risk of Infection

Storek AJH 1997

At 1 yr after BMT



Savani 2006 lymphocytes day 30 >300

Kim 2006 CD4+ T cells 3 months >200

Koehl 2007 CD8+ T cells Within 1 year >5th percentile

Berger 2008 CD4+ T cells 35 days >86

Servais 2016 CD4+ T cells 3 months >200

De Koning 2021 CD4+ T cells Within 100 days >50

Clinical impact of T cell recovery



a model of T cell recovery
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CMV-specific CD8+

infection-induced HPE: CMV

Gratama Blood 2001

Tetramer-based FCM



infection-induced HPE: EBV

IFNg-based ELISPOT

D’Aveni Transpl Immunol 2011



CMV prophylaxis delays T cell recovery

Sperotto TCT 2021



measurement 
of thymic 
function:
TRECS
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Mechanisms of DNA recombinationMechanisms of DNA recombination

Patel NEjM 2001



T cell repertoire: FLOW CYTOMETRY

Vb Family

patient 1 patient 2

O’Keefe Exp Hem 2004



T cell repertoire: SPECTRATYPING
Verfuerth Blood 2000

GVHD

GVHD



T cell repertoire: NGS

Soragia Gkazi FI 2018



thymic function predicts infection

Wils Haematologica 2011

at 12 months

sjTREC per 10e5 T cells



Recovery of T reg cells

CB

PBSC

Mehta ASH 2016
Ulbar EBMT 2017



Loss of Treg recovery in cGVHD

Matsuoka JCI 2010

T reg
T reg

T conv
T conv

cGVHD



Increasing T reg numbers leads to improved GVHD



recovery of immunity 
post transplant:
B lymphocytes



recovery of B cells is slower…
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…but complete (or more…)





First appearance of transitional B cells

Marie-Cardine Clin Immunol 2008



Recovery of B cell subsets
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Faster B cell neogenesis after CBT

Mehta ASH 2016
Ulbar EBMT 2017
Bonifazi BMT 2019

PBSC

CB



Reduced B cell neogenesis in cGVHD

Ulbar EBMT 2017
Glauze Blood 2014



Loss of Memory B cells generation in cGVHD

Memory

Transitional

Greinix BBMT 2008



B. Omazic, Scand J Immunol 2005

Normal B cell repertoire after transplant

CDR3 SPECTRATYPING
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Impact of B cell recovery on late infections

Corre Haematologica 2010



recovery of innate 
immunity:

NK
gamma/delta

DC



NK and g/d T cell Recovery

gdT
gdT

SC
SC

gdT
Viruses

Bone marrow
NK

1-2 months

g/d T cells

NK cells

Homeostatic Peripheral Expansion

Stem Cell Derived Neogenesis

1-2 months



recovery of NK cells NK

Ulbar EBMT 2017
Bonifazi BMT 2018
Bonifazi BMT 2019
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NK RECOVERY delayed by pTCy
Massoud Haematologica 2022
Russo Blood 2018



Pical Izard BBMT 2015

Kinetics of NK Recovery
Immature CD56bright

Mature CD16bright



At 3 months

Recovery of gamma/delta T cells

De WITTE BBMT 2018



pTCy reduces recovery of gamma/delta T 
Massoud Haematologica 2022



Gamma/delta T cells mediated GVL

Klyuchnikov TCT 2021

Low g/d T
Low g/d T

High g/d T

High g/d T

At 30 days



The human DC monocyte system
Villani Science 2017



DC Reconstitution post Transplant
ARPINATI ET AL. BBMT 2004
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Better recovery of pDC in CBT
Ulbar EBMT 2017



Loss of pDC in chronic GVHD
Ulbar EBMT 2017
Chirumbolo 2022 submitted
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Clinical significance of 
Immune Monitoring?



Recommended Assessment of Immune Recovery
T cells:
---------CD4+ and CD8+ counts
----------naive T cell counts
----------TCR repertoire analysis
-----------antigen-specific responses (e.g. CMV)

B cells:
---------CD19+ cell counts
----------B cell subset counts 
----------Serologic response to vaccines

Innate immunity:
---------NK and gamma/delta T cell counts
----------DC counts

: recommended

: usually performed

: experimental
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