
TSH: One-day BMT course 
Overview of HSCT 

 

Immune reconstitution and 
vaccination post HSCT 

3rd August, 2018 
 

Kleebsabai Sanpakit, MD   
Division of Hematology/Oncology 

Department of Pediatrics 
Faculty of Medicine Siriraj hospital  

Mahidol University, Thailand 

 



Outline 

 Immune cell differentiation 
 Factors associated with immune reconstitution 

post-HSCT 
 Impaired immune system post-HSCT 
 Pattern of immune reconstitution post-HSCT 
 Vaccination post HSCT 



 HSCT  subsequent period of immune 
deficiency  significant morbidity and mortality 
esp. from infections  

 Infection-related mortality is the 1st or 2nd 
cause of death (with or without GVHD) in ≥50% 
of deaths after HSCT (majority occurring in the 
first 100 days - 6 months) 

 Result of dysfunction to the host immune 
system from the conditioning regimen used prior 
to HCT, combined with a delay in reconstitution 
of the donor derived immune system after 
HSCT. 
 



Immune cell differentiation 

 

Ogonek J, et al; Front. Immunol 2016 



Immune reconstitution 

 Factors associated with the immune 
 reconstitution (duration and severity) post HSCT 
 
- Condition of pt pre-HSCT 
- Antigenic exposure of pt (CMV seropositive) 
- Conditioning regimen: myeloablative vs RIC vs non-
myeloablative 
- Source of HSC: BM, PB, CB 
- Graft manipulation: T-cell depleted 
- Stem cell dose 



Immune reconstitution 

Factors associated with the immune  
reconstitution post HSCT (Cont.) 

 
- Type of HSCT(donor: Auto vs Allo) 
   Allogeneic Donor: Degree of HLA-matched 
                                 Related vs Unrelated 
- Complications post HSCT: GVHD, infections 
- Immunosuprresive drug used post HSCT 
- Level of residual thymic activity 



Immune reconstitution 

 Role of the immune system in preventing 
relapse, particularly in the allogeneic setting 
associated immune-mediated graft-versus- 
malignancy effect  development of reduced 
intensity (RIC) and non-myeloablative conditioning 
regimens 
 Immune reconstitution in allogeneic HSCT relate 
to the genetic and immunological disparity between 
donor and recipient 
 
 



     Advantages 
 
- adequate SC content 
- low T cell content 
 
- adequate SC 
- rapid hematopoietic 
  recovery 
 
 
- naive SC 
- very low T cell content 
  (immature)  
- low transmission of viral 

infection 

     Disadvantages 
- collect in OR, under GA  
 
- use growth factor  
- high T cell content 
- only adequate wt. donor 
 
- low SC content 
- one-time collection only 
- delay hematopoietic  
   recovery 

BM 

PB 

CB 

Sources of stem cells 





relapse disease   



Impaired immune system  
post HSCT 

 Pre-engraftment (up to day 30): Conditioning regimen-related 
mucosal injury and severe aplasia predisposes patients to a variety 
of bacterial, fungal, and viral infections 

Mehta RS and  
Rezvani K;  
Virulence 2016 



Impaired immune system 
postHSCT 

 Post-engraftment (day 30 - 100): Reactivation of CMV, EBV and 
infections from Pneumocystis jirovecii and Aspergillus species in the 
presence of GVHD or prolonged immunosuppression 



Impaired immune system 
postHSCT 

 Late phase (after day 100): Functional immaturity of T lymphocytes 
 VZV reactivation, impared humoral immunity and opsonization 
 infections secondary to encapsulated bacteria 
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Bosch M, et al; Curr Opin Hematol 2012 

Nadirs are higher  
and occur later after  
nonmyeloablative  
than myeloablative 
HSCT as recipient  
cells persist .  

Innate immune cells is 
influenced by graft type 
(fastest with PBSC >  
 BM > CB) 
  

CD8 T cells and B cells may  
transiently become supranormal.  
B-cell recovery is influenced by graft  
type (fastest after CBSCT) and 
 is delayed by GVHD and/or its Rx.  

RT/chemoRx resistant cells.  
The nadir may be lower in pts with  
aGVHD because of GVH plasma cell/ 
Langerhans cell effect.  The recovery is influenced primarily  

by the T-cell content of the graft  
and patient age (faster in children  
than adults) 



  

Mehta RS and Rezvani K. Virulence 2016. 
Ogonek J, et al; Front. Immunol 2016 

Most of the reconstituting B cells in the 1st year are transitional and naïve  
subsets. The recovery of memory B cells occurs much later. 



Immune reconstitution  
post CBSCT 

              Recovery of  
             cells number           
               
              NK cells                                        2 - 3 

              B lymphocyte                  6  

              CD8+ T lymphocyte                     8 - 9        

              CD4+ T lymphocyte                       12   
 

 The inversion of CD4:CD8 ratio is one of the earliest features of T cell 
reconstitution from any graft source and can persist for up to several 
years after HSCT. 

Danby R, et al. Frontiers in immunology 2014. Mehta RS and Rezvani K. Virulence 2016 

Time to recovery 
     (months) 



Immune reconstitution  
post CBSCT 

Adaptive immune recovery  
 - B-cells reconstitution: similar to ontogeny (initially 
dominated by naive B cells that only gradually 
differentiate into memory B cells/plasma cells)  
- T-cell reconstitution: inverted (dominated by 
memory/effector T cells both early and late 
post-HSCT.) 
- Factors favoring T-cell recovery: HLA-matched UCB, 
higher TNC dose, and +ve recipient CMV serology prior 
to HSCT. Conversely, the presence of acute GVHD 
delayed T-cell recovery  
 



Immune reconstitution  
post HSCT  

Functional immune    
recovery  

 
     Time to recovery 

(months) 
   NK cell lytic function 
  
 
   T cell response to 
  mitogen stimulation 
 

              0.5-1  
(independent to GVHD status) 
 
               6-9  
(depend on the conditioning 
regimen, GVHD prophylaxis, 
TCD, graft source: CB 
delayed T cell activity against 
Staph enterotoxin B and virus 
after 8-9 months) 

 
 
 

                                      
 
 

 
 

                 

Szabolcs P. Korean J Hematol 2010. Mehta RS and Rezvani K. Virulence 2016. 
  



Immune reconstitution  
post HSCT 

 Normalization of B cell function:  
    IgM  after 3 months 
    IgG  1-2 years 
       IgG1 and 3 normalize during the 1st year  
       IgG2 and 4 after 18 months 
      (IgG2 protect against encapsulated bacteria) 
    IgA  several years 
      (IgA: mucosal humoral immunity risk of 
recurrent sino-pulmonary and GI infections) 

Szabolcs P. Korean J Hematol 2010. Mehta RS and Rezvani K. Virulence 2016 



 Adoptive transfer of virus-specific T cells has 
been successful for treatment/prevention of viral 
diseases 

 
 Functional immaturity of donor-derived 

lymphocytes and decrease in the recipient 
plasma cells and Ig levels  patients need to be 
re-vaccinated  
 

Immune reconstitution  
post HSCT 



Vaccination post HSCT 
 

- Approximated time post HSCT 
   for inactivated vaccine     6 (3-12) months  
   for lived vaccine               24 months 
- Some institutions defer vaccination until the 
peripheral CD4 count >200/mcL and CD19 (B-cell) 
count is >20/mcL.(> 200/mcL for immunodeficiency pt 
because B-cell immune reconstitution has been highly 
variable after HSCT, vaccination is delayed until there 
is robust evidence of functional B-cell recovery.) 

Carpenter PA and Englund JA, Blood 2016  



Vaccination post HSCT 
 

 The ACIP recommends deferring live MMR and 
 VZV vaccination no sooner than 3 to 11 months 
 after receiving the last IgG-containing blood 
 products. (allows sufficient degradation of 
 potential Abs that could interfere with viral 
 replication which being essential to effective live 
 virus vaccination.) 

Carpenter PA and Englund JA, Blood 2016  



Vaccination post HSCT 
 

- Vaccine efficacy depends on at least partial 
reconstitution of adaptive immunity.  
- Other than the seasonal flu shot, most 
vaccinations are avoided when BMT recipients are 
receiving azacytidine, lenalidomide, or rituximab. 
(consider administer vaccine if pt is on kinase 
 inhibitors eg, imatinib or sorafenib). 
 

 
Carpenter PA and Englund JA, Blood 2016  



 

Carpenter PA and Englund JA,  
 Blood 2016  



 
Ljungman P, et al. Bone Marrow Transplant, 2009 
Julie-An M, et al. Bone Marrow Transplant, 2015 
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Conclusion  
 
 Early post-HSCT, both innate and adaptive immunity are 

impaired, making patients very susceptible to common and 
unusual infections. 

Major factors contribute to delayed immune reconstitution after 
 HSCT - the conditioning regimen related damage to the host 
microenvironment 
            - the stem cell source: associate with the natural maturity  
of donor- derived immune cells 
            - complication post-HSCT: GVHD 
 The timely reconstitution of function of a donor-derived immune  
    system is importance for the recovery and long-term survival  
    of patients after HSCT. 
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