
 

AlQalam Journal of Medical and Biological Research,2017;1(1):18-24 

LN: 207/2015 

 Available Online: http://www.utripoli.edu.ly 
 

 

18 

 

Recent Thymic Emigrants: A New Method for Thymus Function 

Evaluation 

Eida M. Elmansorry 

Department of medical laboratories, faculty of medical technology, Tripoli University, Libya 

Email: eidaelmansorry@yahoo.com 

Received:04,07,2017                                                                                 Accepted: 20,07,2017 

 

ABSTRACT  
 

The factors affecting T cells reconstitution post haematopoietic stem cell transplantation (HSCT) are not well 

characterised. We carried out a prospective analysis of naive T cell reconstitution in 26 HSCT recipients before and 

during the first six months post transplantation. We analysed the recent thymic emigrants (RTEs) and thereby 

monitored thymic output and evaluated the thymus function using a new and easy method in comparing to the 

previous used methods. We found that the thymic-dependent pathway for the T cells reconstitution was activated from 

the second month in the majority of patients with increasing the numbers of naive T cells. We also compared the RTEs 

values between the patients with and without adenovirus reactivation, and we found that the patients with adenovirus 

reactivation had higher numbers of naive T cells on the six month post HSCT. 

 

Keywords: Adenovirus- Hematopoietic stem cell transplantation -Thymus function- Recent Thymic Emigrants -

Immune reconstitution. 

 

 

INTRODUCTION 
 

The transplantation of allogeneic hematopoietic stem 

cells (HSCT) provides a potentially curative treatment 

for a variety of immunodeficiency and metabolic 

disorders, a plastic anaemia and haematopoietic 

malignancies. Through this procedure, thousands of 

subjects have been cured from their original disease.  

The success of hematopoietic stem cells transplantation 

(HSCT) is determined by many parameters [1] include 

the type of haematological disorder [2,3], stage of disease 

at the time of transplant [4], human leucocytes antigens 

(HLA)-matching of donor and patient and whether the 

donor and patient are related or unrelated [5-8], 

pretransplant conditioning [9-12], T cell depletion [13-15], 

graft versus host disease (GVHD) prophylaxis [16], 

incidence and severity of GVHD [8,16,17], post transplant 

infections [8,16,24] patient age [25] and stem cell source [26]. 

While each of these parameters may have mutually 

exclusive effects on the outcome of the transplant, it is 

the combination of all of these parameters that will 

determine the ultimate success of the transplant.  

 

 

 

 
 

Furthermore, the effects of each of these parameters on 

immune reconstitution post HSCT are unclear. The 

immediate post transplant period is followed by a severe 

and often prolonged immune deficiency that results in 

prolonged susceptibility to infection [8, 17, 19-22]. Although 

infections that occur in the first month after engraftment 

probably result from deficiencies in both granulocytes 

and other mononuclear cell subsets, the more prolonged 

immune deficiency arises from deficiencies in effective 

CD4+ T cell and B cell reconstitution and 

immunosuppressive therapy [23, 27-29]. 

Following hematopoietic stem cell transplantation 

(HSCT), there is a prolonged period of profound 

immune deficiency, which includes defects in 

thymopoiesis [30].  

This immune deficiency contributes to the high 

incidence of opportunistic infection, which continues for 

years after HSCT [22,32]. The etiology of the immune 

defect is multifactorial.  

Thymopoietic defects resulting in decreased ability to 

generate new T cells after HSCT are important since 

complete immune reconstitution ultimately depends on Cite this article: Eida M. Elmansorry. Recent thymic emigrants: A new 
method for thymus function evaluation. Alq J Med Bio Res. 2017;1(1):18-

24. 
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the generation of new T cells from hematopoietic stem 

cell (HSC), just as long-term myeloid and erythroid 

reconstitution depends on HSC engraftment. Transfer of 

committed progenitors or mature donor-derived T cells 

may permit short-term immune function. Analyses of 

patients after HSCT have demonstrated that the presence 

of immune function at one year or later was correlated 

with the number of CD4+CD45RA+ naive T cells, 

suggesting that immune function at later time points  is 

dependent on the ability to generate new T cells [27,32]. 

One of the opportunistic pathogens after transplantation 

is adenovirus (AdV) that have emerged in the 

hematopoietic stem cell transplant (HSCT) recipient 

population as new techniques have reduced the risk of 

graft-versus-host disease (GVHD) but resulted in more 

profound and prolonged immunosuppression. 

HSCT recipients are susceptible to invasive infections 

caused by adenovirus (AdV), including pneumonitis, 

hepatitis, colitis, and hemorrhagic cystitis [33-36]. AdV 

infections occur more frequently in paediatric than in 

adult HSCT recipients [34,37,38]. Patients who receive an 

allogeneic transplant, in particular with a T cell depleted 

or CD34 + (stem cell) selected graft, and patients who 

develop graft- versus -host disease (GVHD) have a 

higher incidence of AdV infection [39]. 

T cell recovery, as a multifaceted process including 

recovery of the thymic function and that of the 

regulatory T cell compartment, plays a key role in the 

clinical recuperation of patients post hematopoietic stem 

cell transplantation (HSCT) [23, 29,32]. Immunodeficiency 

post allogeneic stem cell transplantation is, on its part, 

associated with significant morbidity and mortality [22,41]. 

T lymphocytes are generated through two different 

pathways: thymus dependent and independent [42–46]. 

Particularly in the hematopoietic stem cell 

transplantation setting, Peripheral expansion of T cells 

can contribute significantly to the composition of the T 

cell compartment post HSCT [47]. 

As additional factors, radiotherapy [48] and graft-versus-

host disease (GVHD) [49–52] post HSCT and thymic 

involution as a part of ageing have a negative impact on 

thymic function [51,53,54]. Thymic function has been 

assessed by imaging and analysis of T cell subtypes in 

blood but more recently also by measuring TRECs (T 

cell receptor excision circles). Quantitative measurement 

of TRECs using PCR is assumed to reflect thymic 

output. However, persistence of naive T cells and TREC 

dilution in peripheral blood by cell division complicate 

the interpretation of TREC data as a measure of recent 

thymic output [50,53]. 

Previously published studies report on a correlation 

between TRECs and the frequency of naive CD4+ T 

cells in blood among pediatric and adult recipients of 

HSCT suggesting that most naive T cells are processed 

in thymus [52]. Lewin [51] reports on a faster thymic 

recovery post HSCT among children indicating that the 

high residual thymic activity of early childhood might 

allow for a rapid regeneration of T cells. The level of 

TRECs correlates negatively with chronic GVHD 

(cGVHD) in most studies, [49–52,55] but conflicting results 

have also been reported [54,56]. Data is also indicative of 

an association between low TREC levels and post 

transplant infections [50,51,55]. As alternative for the 

TRECs estimation, we analysed the CD4+ recent thymic 

emigrants recovery by Flow cytometric Assay of 

CD4+CD31+ CD62L+CD45RO- T-cells. Naive CD4+ T 

cells that express CD31 antigen on their surfaces have 

high levels of TRECs. 

 

METHODOLOGY 
 

Patients 

26 patients (median age 6 years, range 0.8-25 years) 

underwent HSCT.  Median Age of donors 30 years, 

range 7-50 years. 69% of patients were male, 31% were 

female. Twenty –one received their grafts from matched 

unrelated donors (MUD) and five patients from matched 

related donors (MRD).All the donors and 22 patients 

were sero-positive for the adenovirus. All the patients 

received Aciclovir as Antiviral prophylaxis. The key 

characteristics of allogeneic patients are given in table 1. 

Table 1 Clinical characteristic of the patients 

Patients
 

characteristic 

Patiens Group (26) 

ALL/NHL 7 27 % 

AML/CML/MDS 9 35 % 

Fanconi Anaemia 3 12 % 

Metabolic disorders 2 8 % 

Primary Immune 

defect 

5 19 % 

MRD 5 19 % 
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MUD 21 81 % 

BMT 19 73 % 

PBSCT 7 27 % 

Abbreviations: ALL = Acute lymphoblastic Leukaemia, AML = 

Acute myeloid Leukaemia CML = Chronic myeloid Leukaemia, MDS 

= Myelodysplastic Syndrome, MRD = matched related donor, MUD 

= matched unrelated donor, BMT = Bone marrow transplantation, 

PBSCT = Peripheral Blood stem cell transplantation. 

 

The viruses’ reactivity during the study period was as 

follow:  nine patients (35%) for cytomegalovirus 

(CMV), eleven patients (42%) for Epstein-Barr virus 

(EBV),eight patients( 31%) for adenovirus (ADV) and  

three patients (12%) for the herpes human 6 (HH6).  

Five patients (19%) had no virus reactivity, twelve 

patients (46%) had one virus infection, eight patients 

(31%) had two virus infections, and one patient (4%) 

had three virus infections. 

All eight patients who had adenovirus infection were 

positive for PCR in blood, nose fluids, stool and urine. 

Two of them had adenovirus infection before the 

transplantation. 

Twenty-one of the patients (81%) had acute graft versus 

host disease, range from grade I – III, three patients 

(12%) had grade II of chronic graft versus host disease. 

 

Sample preparation 

Blood samples were collected once pretransplant and 

once every month after transplantation during the first 

six months post transplantation. Informed consent was 

obtained from all patients or their parents. The Study 

was done on whole blood. 

 

Materials 

CD4+ Recent Thymic Emigrant Enumeration Kit: 

Miltenyi Biotec, Germany, Lot N°: 5080729096. 

 

Method 

The principle of the estimation of CD4+ Recent Thymic 

Emigrants (RTE) kit is the detection of naive CD4+ T 

cells on the basis of the expression of CD4, CD31, 

CD62L and the absence of the expression of CD45RO. 

The whole blood was incubated with the RTE kit-

reagents for ten minutes, then the erythrocytes were 

lysed using the erythrocytes-lysis reagent according to 

manufacturer‘s instructions. After centrifugation and 

fixation, the RTEs were analysed using flow cytometry. 

 

 

Flow cytometry 

The cells were analyzed on FACSCalibur using the Cell 

Quest software (Becton Dickinson, San Jose, CA, USA). 

Naive CD4+ cells were measured and expressed as the 

absolute number of CD4+CD31+CD62L+CD45RO- T 

cells in whole blood. 

 

Statistical analysis 

The data was analyzed using the Excel program and the 

statistical package for social scientist (SPSS), version 

18.0 for windows. Metric data (absolute cell numbers) 

were calculated as median, minimal and maximal values 

and by Box- und Whisker-Plots shown. Values of 

P<0.05 were considered significant. 

 

RESULTS 
 

By all patients was the RTEs analysis done before the 

Radio-chemotherapy. The absolute count of RTEs 

(CD4+CD31+CD62L+CD45RO) in allogeneic 

recipients before transplant (a median of 93.055/ml) was 

low comparing with healthy controls because of the 

immunologic- haematologic effects of the underlying 

disease and the previous chemotherapy of the malignant 

disease on the thymus function. The Recent Thymic 

Emigrants were estimated before and every month after 

transplantation during the first six months of 

transplantation. The regeneration of RTEs starts slowly 

after the second month of transplantation increased 

slowly but not reaches the normal count after the sixth 

month. 

We compared the RTEs values per ml between the 

patients with adenovirus reactivation, and we found that 

the patients with adenovirus reactivation had higher 

numbers of RTEs on the sixth month in compare to the 

third month. 

 

Table 2  RTEs per ml in peripheral Blood of patients before 

and after allogeneic HSCT (Median, Minimal-/ Maximal 

values und Interquartile area). 

 

Time of RTEs 

estimating 

Median Minim

al 

Maxima

l 

Interquar

tile area 

Before HSCT 93.055 6.930 691.980 436.273 

1 Month after 

HSCT 

390 0 2.960 1.500 
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2 Month after 

HSCT 

620 0 5.880 2.025 

3 Month after 

HSCT 

1.640 0 8.220 3.811 

4 Month afte 

HSCT 

1.230 0 120.080 5.218 

5 Month after 

HSCT 

2.700 0 147.060 25.780 

6 Month after 

HSCT 

3.930 0 196.240 62.005 

Clinically significant adenovirus infection (positive –PCR) 

was associated with high RTEs/ ml values at sixth month 

(p=.047). 

 

Table 3 RTEs /ml (median values-comparison) in the 

patients with adenovirus infection after third and sixth month 

of transplantation (significance limit) 

 

Patients with adenovirus 

infection ( AdV) 

RTEs/ml 

Time after Transplantation 3 Months 6 Months 

AdV-positive PCR .752 .047 

 

We found also, that the regeneration of the Recent 

Thymic Emigrants was faster in the patients with 

adenovirus reactivation (Positive Adenovirus –PCR) 

than those without adenovirus infection. 

 

 

 

 
 

Figure 1 RTEs/ml in patients with and without molecular 

ADV evidence 3 Months (left) and 6 Months (right) after 

allogeneic HSCT (median, minimal-/maximal values) 

 

DISCUSSION  
 

In this prospective study focusing on pediatric recipients 

of allogeneic stem cell grafts we show that the 

regeneration of naive T lymphocytes and thymic 

recovery are slow. The delayed immune reconstitution is 

associated with an increased risk of clinical 

complications such as extensive cGVHD and a higher 

mortality.  

Our study and those previously published indicate that 

thymic dysfunction exists even before transplant among 

stem cell graft recipients with a malignant disease and 

following a conventional chemotherapy [55]. In our 

material the thymic output of naive T cells (RTEs) levels 

were lower just before transplant among children with a 

malignant disease. This may be a result of the 

underlying, and in many cases malignant lymphoid, 

disease and its therapy [57]. 

We emphasize that in the interpretation of the RTEs 

results an important bias has to be recognized. 

Peripheral expansion of the T cell pool in the recipient 

during for example infection(s) may have diluting effect 

on the RTEs levels.  

The kinetics of thymic recovery (Recent Thymic 

Emigrants) post HSCT demonstrated that the initiation 

of regeneration of naive T lymphocytes and thymic 

function appeared by 6 months post transplant among 

the allogeneic recipients [58]. 

The regeneration of the Recent Thymic Emigrants 

(RTEs) is increased used as prediction parameter for the 
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infections-risk by the immune suppressed patients 
[46,53,59]. Our work demonstrates that the RTEs analysis 

was a good marker for the antigen-specific T cells 

regeneration after allogeneic HSCT, because our result 

demonstrate that the patients with adenovirus 

reactivation have higher levels of RTEs after the six 

months than those without adenovirus infection. 

Our study demonstrates the key effect of recuperation of 

the T cell compartment on a variety of factors 

influencing the outcome in pediatric stem cell 

transplantation. Importantly, the impact of therapy 

administered before transplant may have to be 

considered in for example designing the conditioning 

regimen, pre-emptive therapy of viral infections post 

transplant etc. For post-transplant follow-up of T cell 

reconstitution flow cytometry appears more readily 

employable, but studies on the potential use of a pre-

and/ or post transplant ‘immunological profile’ in 

tailoring the therapy of an individual patient post 

transplant are warranted. 
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