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Summary
Total depletion of innate and adaptive immune cell pop-
ulations occurs after intensive chemotherapy and he-
matopoietic stem cell transplantation (HSCT) then fol-
lowed by gradual recovery of immune populations, due 
to progenitors derived from donor hematopoietic cells 
which differentiate to myeloid and lymphoid lineages. 
Time dynamics of immune reconstitution and differen-
tial maturation of distinct immune populations is only 
partially evaluated, especially, at early terms post-trans-
plant. E.g., innate immunity is restored within 1st month 
after HSCT, due to rapid reconstitution of granulocytes, 
monocytes, and natural killer (NK) cells. Meanwhile, 
functional recovery of mature NK-cell subsets and 
blood monocytes may continue for up to 3 months.

Both T- and B-lymphocyte pools are restored much 
slower than myelomonocytic populations. The available 
information on their post-HSCT immune recovery is 
limited, since most studies are performed at later terms 
(>1 month post-transplant). Absolute numbers of CD8+ 
T cells return to control values ca. 4 months post-HSCT, 
however, exhibiting a skewed repertoire of memory T 
lymphocytes. Recovery and maturation rates of CD4+ 
T cells largely depend on residual thymus function, es-
pecially, in young subjects. Hence, a naïve CD4+ T cell 
population in pediatric patients predominates over 6 
months post-HSCT. In older persons with inactive thy-
mopoiesis the total CD4 cell counts remain low for years 
after HSCT. Meanwhile, antiviral cellular immunity is 
active since early terms post-transplant. E.g., cytotoxic 

CD8+ cells specific for cytomegalovirus (CMV), or Ep-
stein-Barr virus (EBV) rapidly expand in cases of CMV 
or EBV activation.

Despite recovery of absolute B-cell counts by day 30 
post-HSCT, their functions, i.e., antigen-specific anti-
body production, are reduced for months and years after 
HSCT, due to slow restoration of mature immune cell 
populations, thus resemling normal evolution of B cell 
hierarchy in human organism. 

Reactivation of herpesviruses (mostly, CMV, EBV and 
Herpes Simplex) is a known feature of immune de-
ficiency. Timing of maximal herpesvirus incidence 
(2-3 months post-HSCT) corresponds to the period 
of CD8+ and CD4+ T cell functional deficiency and B 
cell immaturity, thus reflecting their suboptimal ability 
to eliminate herpesvirus-affected leukocytes. Individu-
al terms of immune recovery after allo-HSCT depend 
on the patients’ age, source of donor cells, acute GvHD 
post-HSCT etc. Vaccination response, being a potent in 
vivo criterion of immune recovery in post-transplant 
patients, is also dependent on the subjects’ age and re-
stored B cell functions. Time dynamics of specific anti-
body response shows that the patients with latent CMV 
reactivation may later exhibit a strong humoral immune 
response, thus making the infection self-limiting. 
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Introduction
Hematopoietic stem cell transplantation (HSCT) is usually 
preceded by intensive chemo- an/or radiation therapy caus-
ing cytotoxic insult to hematopoietic progenitors and lym-
phoid cell populations, depletion of myeloid and lymphoid 
cell pools, thus resulting into severe temporary immune de-
ficiency. Therefore, HSCT patients are at high risk for bacte-
rial and viral infections, at least, at early terms (<100 days) 
post-transplant (Fig.1). The organ-specific bacterial and 
virus-associated complications following intensive chemo- 
and/or radiotherapy are treated with antimicrobial and an-
tiviral drugs, either in pre-emptive mode, or upon detection 
of the pathogens [6]. 

The aim of our review is to evaluate reconstitution terms and 
patterns for major immune populations following HSCT, 
comparing it with reactivation terms for the most common 
herpesviruses, i.e., cytomegalovirus (CMV), Epstein-Barr vi-
rus (EBV), and Herpes Simplex virus (HSV). 

Figure 1. Time course and main factors of viral reacti-
vation/reinfection post-HSCT.

Recovery of myeloid populations 
post-HSCT
The granulocyte reconstitution depends on the so-called 
transit time, i.e., the total time period required for stem cell 
recruitment, differentiation, expansion, maturation  and 
release to the bloodstream. Restoration terms for myeloid 
cells after hematopoietic stem cell transplantation (HSCT) 

are usually defined as the 1st day with neutrophil counts of 
>0.5x109/L, with mean recovery terms of 12 to 20 days [1]. 
The time to neutrophil engraftment depends on the type of 
graft, with a median time of ca. 30 days for umbilical stem 
cells, 21 days for bone marrow, and 14 days for peripheral 
blood stem cells [44]. Generally, the innate immune system 
including granulocytes, monocytes, and NK cells recovers 
within weeks after intensive cytostatic treatment and HSCT. 

According to Bemark et al. [4], granulocytes and monocytes 
(along with blood platelets), are the first mature donor cells 
appearing in peripheral blood post-transplant. These ear-
ly-produced cells are generated by means of stress- (or inef-
fective) hemopoiesis, thus being functionally impaired. E.g., 
blood granulocytes produced up to day +30 post-HSCT are 
relatively fragile and apoptosis-prone [7]. The neutrophil 
functions (e.g. chemotaxis, phagocytosis and bacterial kill-
ing) may be also attenuated, whereas monocytes may pro-
duce normal, or, sometimes, decreased amounts of IL-1, IL-6 
and TNF-1 [39, 42, 55]. Generally, innate immune response 
of phagocytic cells (granulocytes and monocytes) is, recov-
ered within 4-6 weeks after engraftment of hematopoietic 
cells.

Absolute numbers of natural killer (NK) cells are normal-
ized rather soon after HSCT. The study by Nguyen et al. 
[35] included ten cases of haplo-HSCT traced at d+14 to 
d+90 post-transplant. In available cases No.8,9 and 10, the 
percentages of NK cells were high since d+14, followed by 
reconstitution of B cells by d+30, whereas T cells started to 
increase as late as at 3 months. The earliest reconstituted NK 
cells exhibit a CD56high phenotype, with high levels of NK 
G2A/CD94 and lower amounts of inhibitory KIR, thus re-
flecting their relative immaturity which may be traced up to 
6 months post-HSCT [35, 51]. A more extensive study was 
performed in 56 patients subjected to haplo-HSCT [51]. 
Blood samples were analyzed from day +15 to >100 days 
post-HSCT for CD56bright/dim like as CD117, NKG2A, 
CD62L and other surface differentiation markers. It has 
been shown that restoration of functionally mature, NK-cell 
subsets after haploidentical HSCT proceeds for, at least, 3 
months. Hence, phenotypic maturation of NK cells and their 
functional ability post-transplant confirms suboptimal levels 
of mature NK’s up to 3 months after HSCT [14]. 

Approximate terms of numeric and functional deficiencies 
for different blood leukocyte populations are summarized in 
Table.1.

Table 1. Differential timing of the post-HSCT recovery of distinct leukocyte populations in clinical settings 

Blood leukocyte 
populations

Type of trans-
plants

Parameters tested Reaching 
control 
levels

Factors affecting 
recovery

Reference

Granulocytes Allogeneic Granulocyte counts 1 month Type of transplant [44]

Granulocytes Allogeneic Chemotaxis, phago-
cytosis, superoxide 
production

Up to 9 
months

Severe aGvHD: 
adverse effect

[55]
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Blood leukocyte 
populations

Type of trans-
plants

Parameters tested Reaching 
control 
levels

Factors affecting 
recovery

Reference

Granulocytes Autologous In vitro apoptosis 1 month NS [7]

Monocytes Allogeneic, pedi-
atric pats

Decreased in vitro TNF 
and IL-6 production

3-4 weeks NS (not GvHD, CsA, 
type of graft)

[39]

Monocytes Allogeneic Decreased in vitro IL-1 
production 

2 to 4 mo NS [42]

Natural killer 
cells

Haploidentical Absolute numbers 3 months NS [51]

Natural killer 
cells

Absolute numbers 3 months Sooner rwith PBSC 
grafts

[22]

Natural killer 
cells

Haploidentical Maturity markers, 
cytotoxicity

>6 months NS [35]

Natural killer 
cells 

Allogeneic Maturity markers 
(CD56+ subsets)

>3 months NS [14]

T cells Autologous Absolute numbers 6 months NS [3]

CD8+ T cells Allogeneic Absolute numbers 12-15 
weeks

Sooner with PBSC 
grafts

[22]

CD4+ T cells Allogeneic Absolute numbers 15 weeks 
and later

Sooner with PBSC 
grafts

[22]

CD4+ T cells, 
naive

Autologous Absolute numbers >10 years NS [11]

B cells Autologous Absolute numbers 6 months NS [3]

Transitional 
memory B cells 
(CD27-, IgM+)

Allogeneic Relative numbers >1 year GvHD: adverse 
effect

[4]

Memory B cells 
(CD27+)

Allogeneic Relative
numbers

>2 years Pediatric pats [2]

NS, non specified

Overview of T cell reconstitution 
post-HSCT
Adaptive immunity after HSCT recovers much slower than 
innate immune response. E.g., B- and T-cell counts may nor-
malize during the first months after transplantation [47]. A 
comprehensive summary of data concerning lymphocyte 
subpopulations following allo-HSCT is presented by de 
Koning et al. [12]. The authors state, however, that available 
information on the post-HSCT recovery of generic T, B and 
NK cells is limited by later terms (>1 month post-transplant). 

The numbers of CD8+ T cells post-transplant increase earlier 
than those of CD4+ T cells. Therefore, the CD4/CD8 ratio is 
initially reversed in these patients [15]. A sufficient number 
of T cell-related immune parameters were studied by [21] 
who evaluated immune recovery in 67 patients with acute 

myeloid leukemia (AML) following allo-HSCT. They studied 
CD3+, CD3+CD4+, CD3+CD8+, CD3+CD4+/CD3+CD8+ 
ratio, CD3-CD56+, and CD19+ cells on days +30…365. Pe-
ripheral blast counts >5% were related to lower number of 
CD3+CD4+ (day +30) and NK cells (day +180; p= 0.02). In-
tensity of conditioning did not have any significant impact 
on the kinetics of immune recovery. Patients with normal 
CD3+CD4+/CD3+CD8+ ratio (day +30) and NK cell counts 
(day +90; p <0.05) experienced better survival than those 
with decreased parameters. Post-transplant sepsis or severe 
infections were associated with impaired CD3+CD8+ (day 
+90; p = 0.015) and CD19+ (day +90; p = 0.02) recovery. 
Relapse in patients following allo-SCT showed an associa-
tion with decreased numbers of CD19+ (day +270) and NK 
cells (day +365). Acute GvHD (II-IV) was accompanied by 
reduced CD19+ and CD3+CD4+ cells. Thus, deficiencies of 
the major lymphoid populations correlated with common 
post-transplant complications.
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There are two biological pathways for restoration of CD4+ 
Т cells in HSCT cases, i.e., thymus-dependent (central) and 
peripheral mechanisms, as discussed by Gress et al. [16]. In 
pediatric patients with chemotherapy-induced lymphope-
nia the recovery of naive, CD45RA+CD45RO- CD4+ T 
cells predominated within first six months, accompanied by 
marked increase of thymus volume [30]. These data again 
suggest the thymus-dependent T cell production to be pri-
marily responsible for the repopulation of peripheral CD4+ 
T cells in young patients. Meanwhile, therapy-related lym-
phopenia in adults (ages over 30) was recovered by scarce 
production of CD45RA+ CD4+ cells during the first year 
post therapy. However, CD45RO+ CD4+ cells increased rap-
idly in number, repopulating the CD4+ T cells to pretreat-
ment levels within the first 3 months after chemotherapy 
[17]. Thus, the “adult” type of CD4+ T cell recovery reflects a 
thymus-independent expansion pathway resulting into pro-
duction of memory T cells. Therefore, in absence of effective 
thymopoiesis, the levels of total CD4 cells may remain low, 
even 4–5 years after transplant. Furthermore, thymus-de-
pendent CD4 production caused renewal of central memory 
populations, identified as CD62L+ CCR7+ CD45RA– [18]. 
Hence, proper thymus functioning is necessary for rapid 
CD4+T cell restoration following HSCT. Therefore, pediatric 
patients have, potentially, more chances to restore their T cell 
pool within a shorter time period.

The immunological status of 37 adult patients with lympho-
ma after high-dose chemotherapy auto-SCT was studied by 
Dean et al. [11]. At a median follow-up of 10.5 years (range 
2.2-20.2) following auto-SCT, the proportion of CD4(+) 
cells remained significantly reduced in patients compared 
with controls, predominantly a result of persistently reduced 
naive CD4(+) cell numbers. The numbers of naive CD8(+) 
lymphocytes (P = 0.014) and transitional B cells (P = 0.008) 
were also significantly reduced. Revaccination of the pa-
tients, as a test for antibody induction, showed ambiguous 
results. Hence, immunological deficiency of T cell subsets 
may be retained for many years after cytostatic treatment 
and auto-SCT. 

In view of polyclonal T cell reconstitution post-HSCT, it, 
generally, may produce only minor fractions targeted for 
specific viral pathogens. Over last 10-15 years, a search for 
enrichment and expansion of virus-specific T cells (against 
CMV, EBV etc.) draws much attention. The CD8+T cell 
clones recognizing viruses are also present at the time of 
HSCT, being potentially able of selective expansion in cas-
es of CMV or EBV activation. However, at the first months 
after transplantation, a narrow and skewed repertoire of T 
lymphocytes with memory-like phenotype is observed [5, 
27]. Therefore, many groups have studied adoptive T-cell 
transfer, e.g., establishment of early virus-specific Т cell pop-
ulations as a means of immune recovery acceleration and 
prevention of early viral infections [50]. Moreover, deficien-
cy of such T-cell clones with virus-restricted specificity may 
be a sufficient clinical factor at remote terms, e.g., effects of 
sustained Epstein-Barr virus (EBV) activation, causing the 
so-called secondary lymphoproliferative disease (LPD) in 
HSCT patients. Both short- and long-term immunothera-
peutic strategies, including virus-specific T cells, are widely 
discussed.

B cell recovery post-HSCT
An extensive review by Bemark et al. [4] discussed time 
course and reasons for altered antibody response and B cell 
evolution following HSCT, in context of peripheral B cell 
differentiation. The mature B cells and their precursors are 
known to be efficiently depleted during conditioning, the 
levels of circulating IgG antibodies drop slowly, due to long 
half-life of IgG in serum and the survival of many plasma 
cells after myelodepletion [46, 52]. Recipient plasma cells are 
lost relatively quickly post-HSCT, due to cytotoxicity of con-
ditioning, or depletion of patients’ plasma cells by donor-de-
rived T cells. Moreover, memory B cells replenish the pool 
of plasma cells which produce specific antibodies induced 
by vaccinations. Hence the loss of specific antibodies may 
require revaccination several months after HSCT.

The B cells are deficient in peripheral blood over the first 
months after HSCT, with gradual normalization of cell 
counts within 6–12 months [3]. Memory B cells expressing 
CD27 did not expand to full scale, remaining at subnormal 
levels for, at least, 2 years after transplantation, as shown by 
Avanzini et al. [2] in pediatric HSCT patients. The profiles of 
circulating B cells were studied at 3 to 24 months post-trans-
plant. At any terms, the patients displayed a significantly 
higher percentage of naive (IgD+CD27-) B cells and showed 
significantly lower in vitro stimulation of Ig production, as 
compared to healthy controls. One should, however, consid-
er an opportunity of donor memory B cell transfer, like as 
persistence of residual memory B cells early after HSCT, es-
pecially following reduced-intensity conditioning regimens. 

Concerning mitogenic response of B cells from HSCT pa-
tients, a near-normal in vitro proliferation was shown after 
8-day culturing with EBV particles, whereas response to 
pokeweed mitogen (PWM) was significantly decreased [29]. 
T cells from HSCT patients showed a decreased helper abil-
ity in PWM-induced B cell activation. Intrinsic deficiencies 
within the B cell compartment may inhibit their nonspecific 
mitogenic responses.

An alternative definition of human transitional memory B 
cells is that they are CD27 –IgM+ CD5- CD10-. These im-
mature B cell subsets cells are abundant in young children 
and in cord blood, and constitute 25–50% of all B cells even 
1 year after HSCT, thus depicting a long-term immaturity of 
B cell populations post-transplant [4]. 

Following HSCT, the cells producing different antibody 
subclasses emerge in a distinct order, with production of 
IgM antibodies within a few months, followed by IgG1/
IgG3, IgG2/IgG4 and finally IgA [13]. Thus, deficiencies of 
humoral immune response are common after HSCT, being 
lifelong in some cases, due to intrinsic defects in B cells as 
well as prolonged deficiency of T helpers (e.g., naïve CD4+ 
T cells) in peripheral blood. Follicular dendritic cells (FDC) 
in lymph nodes may be also damaged by cytotoxic chemo-
therapy thus impairing the production of T cell-dependent 
antibody responses with germinal centre reactions [4]. With 
respect to long-term clinical consequences, aside of chron-
ic GVHD, one should consider a risk of recurrent bacterial 
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infections and poor responses to polysaccharide vaccines in 
HSCT survivors.

Hence, long-term T- and B cell immune deficiencies in al-
lo-transplanted patients, seem to be a regular condition 
caused by preceding cytostatic treatment, and long-lasting 
immunosuppressive treatment post-transplant. Gradual res-
toration of normal immune hierarchy may proceed for years 
in these cases, especially in adult and elderly patients, caus-
ing retarded recovery of the key antiviral cell populations 
(CD4+ lymphocytes, mature NK cells), as well as B cells, in-
cluding those producing virus-specific antibodies. 

Vaccine-induced antibody 
response post-transplant
It is well known that distinct lymphoid subpopulations re-
cover at different rates post-HSCT, thus affecting humoral 
immune response. Specific antibody production upon vacci-
nation is an integral index of immune response. Surprisingly, 
there are only sparsed data on immunization and antibody 
response in these patients, especially at early terms (<6 mo) 
post-HSCT. 

Generally, the post-vaccinal immunity in HSCT recipients is 
determined by the long-term antibody response which large-
ly determines infectious safety for the children post-trans-
plant. E.g., Inaba et al. [20] performed a study at the St.
Jude Children’s Hospital among 210 pediatric allo-HSCT 
recipients one year after transplantation. All the patients 
were re-immunized with combined vaccines, i.e., diphthe-
ria-tetanus (Td), measles, mumps and rubella (MMR), as 
well as against hepatitis B and poliovirus at their first annu-
al post-transplantation visit. The authors evaluated quality 
of routine immunization against eight common infections 
diphtheria, tetanus, pertussis, measles, mumps, rubella, 
hepatitis B, and poliovirus). Long-term antibody responses 
(>5 years post-vaccination) were seen for tetanus (95.7%), 
rubella (92.3%), poliovirus (97.9%), and, in diphtheria-teta-
nus-acellular pertussis (DTaP) recipients, diphtheria (100%), 
whereas pertussis vaccines were less effective (25% of cases 
with protective antibody levels). 

In particular, testing for measles antibodies (n=130) showed 
an increase of seropositivity rates from 30% to 67%. This re-
sponse to vaccine retained for >5 years. Lower CD3 counts 
were significantly associated with negative titres.

Results of influenza vaccination were reviewed by Ljungman 
and Avetisyan [24]. They discussed different works on the in-
fluenza vaccination in HSCT recipients. Appropriate studies 
on antibody response were rather small in size and difficult 
to compare, due to varying vaccination timing post-HSCT. 
Generally, the post-vaccinal response proved to be lower in 
HSCT patients as compared to healthy individuals, however, 
providing certain protection levels for the patients receiving 
influenza vaccine at >6 months or later after HSCT.

Of the 133 patients tested for rubella antibodies before im-
munization, 44% were positive. The percentage of patients 

positive for rubella antibodies more than doubled (93%) 
within a year of vaccination, and this effect retained for 
more than 5 years. Among patients evaluated for hepatitis B 
surface antigen antibodies, 52% were seropositive for before 
vaccination. Following immunization, 77% of the patients 
with antibody responses became HBV-seropositive within 2 
to 5 years. However, ca. 25% of the group did not develop de-
tectable antibody response. The negative titers did correlate 
with lower CD4 counts and history of severe aGvHD. 

Poliovirus type 1, 2, and 3 antibodies were found in 54-57% 
of cases before immunization. Within years after immuni-
zation, the percentages of seropositive patients gradually 
increased, up to 98% of patients having protective titres at 
>5 years. Negative titres were associated, e.g., with older age 
at immunization, negative initial poliovirus serum titres, the 
use of radiation during the preconditioning therapy, and 
positive recipient status.

Hence, the vaccination failure in different cohorts was asso-
ciated with following factors: older age and negative titres 
at immunization; lower CD3, CD4 or CD19 counts; higher 
IgM concentrations; positive recipient CMV serology; acute 
or chronic graft-versus-host disease; and radiation during 
preconditioning. These data are of great value for re-immu-
nization strategies in this cohort at infectious risk. 

A real opportunity of anti-HBV immunity transfer via donor 
cells is shown in a study by Lindemann et al [23]. The work-
ers selected a group of patients/matched donor pairs with-
out pre-existing HBV immunity. Twenty-seven prospective 
donors were vaccinated against HBV. The donor vaccination 
produced HBs antibodies specific cellular responses in most 
of them. Interestingly, since 2 weeks post-HSCT, 86 and 67% 
of the recipients had positive humoral and cellular HBV re-
actions. Subsequently, HBV immunity re-appeared in 83% 
of the recipients without revaccination. These results show 
that a transfer of specific humoral and cellular immunity 
by allogeneic hematopoietic cell transplantation (HSCT) 
should, in principle, be possible.

Time course of latent virus  
activation in transplanted patients 
High occurence of CMV in HSCT patients mostly results 
from reactivation of a latent virus which is acquired since 
early childhood. Many patients become seropositive at the 
age of 3 to 5 years, showing appreciable levels of specific 
IgG antibodies in most HSC recipients, thus suggestive for a 
primary infection in past time [41]. Most authors guess that 
CMV reactivation in most cases is observed in CMV-pos-
itive patients, being a clearly negative factor for clinical 
outcomes [25, 43]. CMV-associated clinical conditions are 
known since many years, especially, pneumonias, hepatitis, 
colitis, cystitis [49].

Time-course of CMV reactivation/reinfection may be deter-
mined either as higher CMV genome copies in the sample 
(quantitative DNA real-time assay), or as increased inci-
dence of PCR-positive tests in subsequent sample series. The 
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mean incidence of CMV positivity in peripheral blood after 
HSCT reaches its peak values 2 to 3 months following inten-
sive therapy and transplantation [31]. 

CMV incidence and reactivation rates depend on intensity of 
conditioning treatment (non-myeloablative versus myeloabla-
tive therapy). E.g., a study of 537 CMV-seropositive patients 
has shown that a non-myeloablative conditioning was asso-
ciated with lesser risk of subsequent CMV infection at early 
terms posttransplant [34]. However, nonmyeloablative regi-
men (TBI+Fludarabine) was, generally, followed by retarded 
CMV reactivation, as compared to myeloablative treatment 
[19]. Interestingly, a supplementary immunosuppression, e.g., 
treatment with antithymocyte globulin, or total lymphoid 
irradiation, correlated with earlier CMV viremia post-trans-
plant, if compared with standard myeloablative therapy [43]. 

In fact, selective in vivo depletion of T cells, e.g., treatment 
with antithymocyte globulin prior to haplo-HSCT may cause 
a sufficient delay in CD4+T cell recovery, along with high-
er rates of CMV reactivation, as compared to the regimen 
with posttransplant cyclophosphamide [48]. These results 
suggest that the treatments with faster recovery of CD4+ T 
cells seem to better preserve antiviral immunity, thus allow-
ing more efficient handling with herpesvirus infection after 
haplo-HSCT. Hence, targeted suppression of lymphoid cell 
populations pre-transplant is likely to cause higher incidence 
of CMV reactivation after HSCT.

Of special interest is early CMV activation in CMV-sero-
positive patients transplanted form CMV-negative donors. 
Since renewal of hematopoiesis in allo-HSCT setting pro-
ceeds with donor cells, one may expect decreased levels of 

anti-CMV specific T immunity, thus increasing risk of sub-
sequent viremia [54]. 

In a similar HSCT cohort, we studied 143 patients with on-
cohematological disorders in a single-center study for her-
pesvirus reactivation post HSCT [9, 37]. The patients were 
subject to allogeneic transplantation of hematopoietic stem 
cells (HSCT). Occurrence and dynamics of acute GvHD was 
registered in posttransplant period, as well as other compli-
cations (pneumonia, neurological disorders, mucositis, cys-
titis). Reactivation of HSV, CMV and EBV was detectable in 
blood leukocytes after HSCT, respectively, in 51%, 57% and 
45% of all cases (2.3-2.5-fold more common that pre-trans-
plant). Primary diagnosis, gender of patients and type of 
transplant did not significantly influence these ratios. 

Meanwhile, frequencies of CMV and HSV detection were 
dependent on patients’ age, with minimal detection rates at 1 
to 4 years and a maximum at 10 to 20 years. 

Prevalence of CMV positive tests was dependent upon the 
terms after HSCT, with a maximum at 2nd and 3rd months 
after transplantation (Fig.2A). As seen from previous data on 
cellular recovery, this time period is characterized by full res-
toration of innate immunity, and ongoing recovery matura-
tion of adaptive lymphoid populations, e.g., CD4+ cells, and 
antibody-producing B cells. Similar post-transplant time 
dynamics was revealed for EBV reactivation (Fig 2B), thus 
presuming some analogies in reactivation mechanisms and 
type of interactions with host immune system. Herpes sim-
plex (HSV) activation (Fig.2C) proceeded as soon as at 2nd-
3rd months after HSCT, probably, reflecting early affection of 
recipient epithelial cells, being its specific target population.

A

C

B

Figure 2. Time dependence of CMV (A), EBV (B) and HSV 
reactivation (PCR DNA in leukocytes) at different terms 
after hematopoietic stem cell transplantation (n=198 
cases). Abscissa, Terms post-transplant, months. Or-
dinate, frequency rates of CMV-positive tests (>1000 
gene copies/mL whole blood).
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Finally, the incidence of post-transplant viremia depend-
ed on the patient’s age (Fig.3). I.e., in children of <4 years 
old, the post-HSCT reactivation of cytomegalovirus was 
not frequent, being significantly increased (Р<0.02) in old-
er children (5 to 15 years old) post-transplant. Incidence of 
HSV reactivation was also maximal in adolescent recipients 
(Fig.4). These findings may be explained by lower infection 
levels in youngest children, maximal infection frequency in 
adolescents (6 to 15 years old), and sufficient antiviral im-
mune response in older patients. 

Like as recovery of immune populations, the CMV reactiva-
tion after HSCT may depend on a number of similar biolog-
ical factors: 1) age of the patient; 3) intensity of conditioning 
regimen. Seropositivity of recipient is considered a special 
intrinsic factor for herpesvirus reactivation. All these factors 
should be taken into account when predicting risk for clini-
cal CMV infection after intensive cytostatic treatment. 

Figure. 3. Age dependence of CMV reactivation in total 
group of patients post-HSCT(P<0.01). Ordinate, number 
of positive samples per patient (M+m). 

Figure. 4. Age dependence of HSV reactivation reacti-
vation in total group of patients post-HSCT(P<0.01). Or-
dinate, number of positive samples per patient M+m). 

Along with studies of latent herpesviruses, some attention is 
now drawn to post-transplant reactivation of polyomavirus-
es (especially, BK and JC). E.g., BK virus is commonly found 
in urinary cell sediments by PCR approach, but it more fre-
quently detected at 2-3 months post-HSCT [8]. Similar in-
crease was observed for JC virus. Meanwhile, the BK and JC 
positivity in whole blood was not increased after HSCT, thus 
presuming only local reactivation of these viral pathogens.

Antibody response to cytomegalo-
virus reactivation
Since 1980s, it was proposed that both passive humoral im-
munity and specific T cell-mediated response contribute to 
the protective effect against CMV infection in allo-HSCT 
patients. Relative role of serological and cytotoxic immune 
responses in CMV infection was studied by Ludwig et al. 
(2006) who compared levels of glycoprotein B (gB)-specific 
antibodies and CMV-specific IFN-gamma producing CD4+ 
cells in CMV-positive SCT patients with/without CMV reac-
tivation after SCT. The recipients without CMV reactivation 
showed a slow but steady increase in both parameters after 

SCT, indicating that initial high levels of gB specific antibod-
ies or CMV specific CD4+ IFN-gamma+ cells are not neces-
sary to prevent reactivation of CMV. Meanwhile, post-trans-
plant CMV reactivation was associated with an increase in 
virus-specific CD4+ IFN-gamma+ cells prior to CMV acti-
vation, followed by a decline after the reactivation period. 
Patients who underwent only a single reactivation generat-
ed significant higher amounts of CD4+ IFN-gamma+ cells, 
than did patients with further reactivation episodes. Mean-
while, the course of gB specific antibodies for reactivating 
patients was something different, with significantly higher 
average values in the patients with CMV reactivation. This 
indicates that patients with a CMV reactivation exhibit a 
strong humoral dominated immune response.

Previous studies of protective anti-CMV antibodies in se-
ropositive bone marrow recipients have shown induction 
of neutralizing anti-gB antibodies in cases of posttransplant 
CMV activation [40]. However, clinical significance of such 
neutralizing antibodies was not entirely confirmed in further 
studies [33]. The authors assessed time kinetics of the anti 
gB antibodies to CMV in 26 allo-HSC recipients. Neither 
absence, nor presence of CMV infection did correlate with 
serum concentrations of gB-specific and neutralizing anti-

Age groups, years Age groups, years

CMV(+) samples,
prevalence
post-HSCT

HSV(+) samples, 
prevalence
post-HSCT

1-4 5-9 10-14 15-21 22> 1-4 5-9 10-14 15-21 21>

2,0

1,5

1,0

0,5

1,8

1,6

1,4

1,2

1,0

0,8

0,6
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bodies. Recovery from CMV infection was not associated 
with antibody response to replication-associated antigens. 

Potential clinical complications of 
EBV reactivation in transplanted 
patients
Among gamma-herpesviruses, the EBV is the mostly studied 
pathogen. Forty years ago, W and G. Henle had shown abili-
ty of EBV to infect B lymphocytes followed by their transfor-
mation to the lymphoblastoid virus-producing cells capable 
of long-term in vitro growth. Gamma-herpesviruses exhibit 
a well-known tropicity for lymphocytes, and, therefore, may 
induce lymphoproliferative disorders, as well as some mus-
cular and endothelial neoplasias in humans [26]. The infect-
ed B-lymphoid cells reproduce normal stages of B cell differ-
entiation in follicular germinal centers.

Latent EBV carriage is common to most adult subjects, as 
evidence by its common secretion with saliva. Uncontrolled 
proliferation of EBV-infected B cell in immunocompetent 
persons is blocked by cytotoxic lymphocytes. However, this 
mechanism of immune surveillance is largely failing in im-
munocompromised subjects [10, 36]. Therefore, EBV reacti-
vation after transplantation of solid organs and hematopoi-
etic stem cells is often followed by secondary posttransplant 
lymphoproliferative disorders (PTLD). Typically, the PTLDs 
emerge after long-term and massive immunosuppressive 
therapy which results into decreased amounts and functions 
of EBV-specific cytotoxic T cells, along with uncontrolled, 
EBV-driven B cell proliferation [10]. The EBV-positive ma-
lignancies observed in solid organ transplants, mostly orig-
inate from the recipient B cells, whereas 90% of PTLD in 
HSCT patients develop from the donor B cells [45].

Tischer et al. [48] have shown that 1/4 of patients pre-treat-
ed with ATG before HSCT developed PTLD, as compared 
to absence of this virally-induced condition among patients 
with presumably better preserved cytotoxic T cell popula-
tions.

Conclusions
Near-total depletion of innate and adaptive immune cell 
populations occurs due to intensive treatment followed by 
HSCT. Reconstitution of immune system from donor he-
matopoietic cells takes quite time periods needed for ex-
pansion, differentiation, migration and homing of granulo-
cytes, monocytes, NK cells, T- and B cells. The intermediate 
maturation steps, especially, for lymphoid cell recovery, are 
known only to limited degree, and bear, mostly later terms 
(>1 month post-transplant). 

Functional recovery of NK-cell subsets and blood mono-
cytes may require up to 3 months; maturation and immune 
selection of CD8+ T cells proceeds for 3-4 months, where-
as functional recovery of CD4+ T cells may be delayed for 
years, especially in older patients. 

The B-cell ability to produce specific antibodies is partially 
retained, due to survival of resistant memory B cells post-
HSCT, but differentiation and maturation of the donor-de-
rived B cell hierarchy may require months and years.

Reactivation of herpesviruses in de novo produced donor 
cells, generally, proceeds in parallel with the periods of 
CD8+ and CD4+ T cell exhaustion, thus enabling expansion 
of latent herpesviruses, despite sufficient antibody response 
during CMV reactivation. Chronic EBV infection of B cells 
represents a more sufficient hazard, due to high risk of post-
transplant lymphoproliferative disease at longer time range.

Hence, restoration of innate immunity, especially, mono-
cytes/macrophages and NK cells originating from allografts, 
is most important at the early terms post-transplant, due 
to their immediate anti-infectious and GvL effects. At later 
terms (>100 d), deficient reconstitution of CD4+T cells may 
be responsible for deleterious infections with viruses and 
fungi, with older patients being at higher risk. To date, the 
delayed recovery of lymphoid subsets, especially, virus-spe-
cific T cells and memory B cells represents a major limitation 
for the long-term clinical outcomes in allo-transplanted pa-
tients. Therefore, current studies are aiming for enforcement 
of virus-targeted T-cell therapy, in order to accelerate clear-
ance of cells with activated virus from affected tissues [32]. 
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Резюме
Полное истощение клеточных популяций врожден-
ного и адаптивного иммунитета возникает после ин-
тенсивной химиотерапии и трансплантации гемопо-
этических стволовых клеток (ТГСК), за чем следует 
постепенное восстановление иммунной системы за 
счет предшественников, образующихся из донорских 
гемопоэтических клеток, которые дифференцируют-
ся в миелоидный и лимфоидные ростки. Временная 
динамика восстановления иммунной системы и, в 
частности, отдельных клеточных популяций изучена 
лишь отчасти, особенно в ранние сроки после ТГСК. 
Например, популяции клеток врожденного иммуни-
тета восстанавливаются в течение 1-го месяца после 
ТГСК, в связи с быстрым обновлением популяций 
гранулоцитов, моноцитов и НК-клеток. В то же время 
функциональное созревание субпопуляций НК-кле-
ток и моноцитов крови может длиться до 3 мес.

Как Т-, так и В-лимфоциты восстанавливаются го-
раздо медленнее, чем миеломоноцитарные популя-
ции. Есть лишь ограниченная информация об их 
посттрансплантационном обновлении, так как боль-
шинство исследований проводились в поздние сроки 
(>1 мес. после ТГСК). Так, абсолютное число CD8+ 
T-клеток нормализуется примерно через 4 мес., при 
суженном спектре Т-лимфоцитов памяти. Темпы 
восстановления и созревания CD4+ T во многом 
зависят от остаточной функции тимуса, особенно в 
младших возрастах. Поэтому у младших пациентов 
преобладает популяция «наивных» CD4+ T cell в 
сроки >6 мес. после ТГСК. У лиц старшего возраста 
с инактивацией функции тимуса общее число CD4 
клеток остается низким годами после ТГСК. В то же 
время антивирусный клеточный иммунитет активен, 
начиная с ранних сроков после трансплантации. Так, 

цитотоксические CD8+ клетки, специфичные в отно-
шении ЦМВ или ВЭБ, быстро размножаются в случа-
ях реактивации этих вирусов после ТГСК.

Несмотря на восстановление абсолютных количеств 
В-клеток к 30-му дню после ТГСК, их функции (в т.ч. 
- антиген-специфическая продукция антител) сниже-
ны многие месяцы и годы после ТГСК из-за медлен-
ного восстановления зрелых популяций иммунных 
клеток, что напоминает постепенную эволюцию в 
иерархии В-клеток в организме человека. 

Реактивация герпесвирусов (в основном –ЦМВ, ВЭБ 
и ВПГ) является известным признаком иммунодефи-
цита. Периоды максимального риска реактивации 
герпесвирусов (2-3 мес. после ТГСК) соответствуют 
периодам функционального дефицита CD8+ и CD4+ 
T-клеток, а также незрелости В-клеток, что отражает 
их недостаточную способность к устранению лейко-
цитов, пораженных герпесвирусами. Индивидуаль-
ные сроки иммунного восстановления после ТГСК 
зависят от возраста больного, источника донорских 
клеток, развития острой РТПХ после транспланта-
ции и др. Ответ на вакцинирование – важный кри-
терии состояния иммунитета после ТГСК – также 
зависит от возраста больного и сохранности функ-
ций В-клеток. Временная динамика специфического 
антительного ответа показывает, что больные с ла-
тентной реактивацией ЦМВ могут позже проявить 
сильный гуморальный иммунитет, что ведет к огра-
ничению инфекционного процесса. 
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