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Abstract

Infections occurring after hematopoietic stem cell transplantation (HSCT) are one of the most serious complications in the post-transplantation period. To prevent infection in this time frame, 3 mechanisms are utilized for anti-microbial prophylaxis: pharmacologic prophylaxis, immune-prophylaxis with immunoglobulin replacement, and ultimately vaccination1. Timing for revaccination varies by institution and can be a uniform time-at-risk approach with anti-microbial prophylaxis continued through a specified time period or a more individualized approach utilizing laboratory tests to measure individual patient’s cellular and humoral immune reconstitution. A time-based approach is more common across institutions in the United States as it is simpler to implement and is recommended by the Advisory Committee on Immunization Practices to the Center for Disease Control and Prevention and the Infectious Diseases Society of America234. The pediatric bone marrow transplant (BMT) team at University of California San Francisco (UCSF) uses immune reconstitution as the basis for revaccination in the post-transplant period.  Immune reconstitution is considered by the group at UCSF as titer levels indicative of adequate response to the  killed vaccines given post-transplant in addition to lymphocyte proliferation to antigen/tetanus indicate showing normal response to tetanus vaccine.
The theoretical benefit of this approach is both potential for earlier vaccination and thus cessation of anti-microbial prophylaxis in patients with adequate immune-reconstitution as well as maintained protection for patients with delayed reconstitution and inadequate response to vaccination. We aim to assess whether a vaccination schedule for pediatric BMT patients according to evidence of immune reconstitution rather than days post-transplant is a safe and superior practice for this patient population. 

Research Question: 

Is reimmunization of pediatric BMT patients according to evidence of immunity reconstitution rather than days post-transplant a safe and superior practice?

Specific Aims: 

1. Identify whether the mean time to complete revaccination of BMT patients at UCSF using immune reconstitution measures is earlier or later than the time standardized vaccine schedule. 
2. Identify the prevalence of  hospitalization for serious vaccine-preventable infectious complications at our institution while using this approach (defined as infections with any of the pathogens covered by routine childhood vaccination).


Significance: 

Bone marrow transplantation has been established as a critical lifesaving therapy for a variety of hematologic disorders and malignancies as well as immunologic disorders. One of the necessary consequences of BMT therapy is the loss of previous immunity achieved by routine childhood vaccination5. This leaves patients at high risk of serious infections after transplant, which contribute significantly to the mortality in this population6. Patients are most at risk for infections with gram negative bacilli, gram positives, encapsulated bacteria, as well viral (HSV, VZV, CMV) and fungal infections (aspergillus, candida, pneumocystis)6. It is critical to achieve reimmunization as early as possible while still optimizing timing for adequate immune response. The general sequence and timing of immune recovery is well known and is referred to as engraftment. After a period of profound pancytopenia, neutrophils, natural killer cells, and monocytes are the first to recover. This is followed by platelet and red cell recovery, and then B-cell and finally T-cell recovery32.  The timeline of recovery of humoral and cellular immunity has important implications for timing of vaccination. Live vaccinations, for example, are only safe to give once cellular immunity is restored at approximately 2 years6. While we know roughly that B-cells recover on the scale of weeks to months and T cell recovery months to years, the exact timing is heterogenous and dependent on a variety of factors unique to each individual patient and their clinical course. A vaccination approach after BMT that accounts for these differences in individual immunity could thus offer a safer standard of care. 
  
Methods 

Overview: 
This study will be descriptive in design, as we do not have access to data from a patient population using a time-lapsed vaccine schedule in the post-transplant period.

Data collection: 
Data will be collected retrospectively using electronic medical record abstraction between the years of 2010 and 2018. The abstracted data will consist of both an automated report for easily extracted variables from Apex as well as and manually abstracted variables. For manually abstracted variables, 2 reviewers will overlap in their review for 10% of the subjects to ensure internal consistency. 

Study Subjects: 

The study population will be composed using the following inclusion criteria:
· BMT recipients between the years of 2010-2018 at UCSF Benioff Children’s Hospitals San Francisco and Oakland
· 0-29 years of age 
Exclusion criteria will include 
· patients with primary diagnosis of SCID 
· patients who relapsed or rejected transplant prior to reimmunization
· patients who died prior to reimmunization. 

Due to the retrospective nature of the study design, subjects will not need to be actively recruited or maintained as participants. 

Measurements and Statistical Issues:
 
This project is a descriptive study with a continuous primary outcome of time.  This outcome is more specifically defined as time to complete reimmunization, which is typically completed with the live measles, mumps, and rubella vaccine (MMR). Secondary outcomes measured will be post immunization titer levels and incidence of hospitalization with vaccine-preventable illness. Immunization titers will be described as a dichotomous variable (either adequate or not adequate).   

Given that it is a descriptive study, there are no predictors defined for this study. The primary aim is to compare the mean time to complete reimmunization for patients using immune-reconstitution as indication for timing of vaccination to the standard schedule for final inoculation with live vaccines at 24 months post-transplant.

 To estimate a sample size, the ideal calculation would use a previously defined standard deviation to calculate a standardized width of the confidence interval. There is limited literature offering a possible value for a standard deviation, so instead we can assume a roughly normal distribution of values for timing to complete immunization centered around 24 months post-transplant with a plausible range of 20 to 28 months. We can then estimate the standard deviation as 2 months by dividing this range by 4. To measure with a 95% confidence interval of + 0.5 months, the standardized width (W/S) is 0.5. Using this value, the approximate sample size needed for a 95% confidence interval is 627. Given that approximately 70 patients undergo transplantation annually at UCSF Children’s hospitals, an 8 year range should offer sufficient sample size. 

We will also be collecting data on number of infections with vaccine preventable illnesses in this population. This will be defined as infections with any pathogen covered by standard childhood vaccinations. This will be collected as a dichotomous variable. 

Analysis will include stratification by variables that are known to influence the primary outcome. Graft vs host disease (GvHD) is a common complication in the post-transplant period that has significant impact on the course of immunosuppression and is known to delay immune reconstitution6. Stratification by age may also prove important given the robust immune response to conjugate vaccinnes observed in younger children 8. The type of graft and length of immunosuppression are also important variables to consider, as they have influence of timing of immune recovery3. 



Ethical Considerations 
	Given that this is a retrospective chart review with a large number of patients likely to meet inclusion criteria, it is impractical to obtain individual consent from each subject. To maintain patient confidentiality and limit potential negative impact on patients, all patient information will be deidentified and maintained in a password protected database. The overall risk to patients included as subjects in this study will be minimal.
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