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Background. Cytomegalovirus (CMV) and Epstein-Barr virus (EBV) induce effector memory T-cell expansions, which are var-
iable and potentially depend on the age at primary exposure and coinfections. We evaluated the T-cell compartment and herpesvirus
infections in 6-year-old children.

Methods. T-cell subsets and immunoglobulin G seropositivity for CMV, EBV, herpes-simplex virus 1, and varicella-zoster virus
were studied in 1079 6-year-old children. A random subgroup of 225 children was evaluated for CMV and EBV seropositivity before
2 years of age and for vaccination responses against measles and tetanus.

Results. CMV and EBV infections were associated with significant expansions of CD27− and CD27+ effector memory T cells,
respectively. These expansions were enhanced in CMV-EBV–coinfected children and were independent of varicella-zoster virus or
herpes-simplex virus 1 coinfection. Naive and central memory T-cell numbers were not affected, nor were anti-tetanus and anti-
measles immunoglobulin G levels. Children infected before 2 years of age showed smaller effector memory T-cell expansions than
those infected between 2 and 6 years of age.

Conclusions. CMV- and EBV-related T-cell expansions do not impair naive T-cell numbers or maintenance of protective re-
sponses against nonrelated pathogens. Duration of infection was not directly related to larger expansions of effector memory T cells
in children, suggesting that other mechanisms affect these expansions at later age.

Keywords. cytomegalovirus (CMV); Epstein-Barr virus (EBV); herpes-simplex virus 1 (HSV-1); varicella-zoster virus (VZV);
persistent herpesvirus infection; T-cell compartment; effector memory T-cell expansions; childhood adaptive immune system.

Cytomegalovirus (CMV) and Epstein-Barr virus (EBV) are
ubiquitous in the human population and persist with presumed
viral latency [1, 2]. Infection occurs mainly in childhood, reach-
ing approximately 50% seropositivity at about the age of 6 years
and in 80%–90% in adults within the Western world [3, 4].
CMV and EBV are associated with changes in immunological
memory. Infected adults display persistent expansions of
virus-specific effector memory T cells in both the CD8+ and
the CD4+ lineages [5, 6]. CMV-specific CD8+ T cells are pre-
dominantly CCR7−CD45RO+CD27+/– in young adults, and
more clonal CCR7−CD45RA+CD27− populations are found in
elderly [5, 7–14]. EBV-specific T cells are mainly CCR7−

CD45RO+CD27+ [5, 8, 15, 16]. The majorities of these

populations have an extended life span but a poor response to
T-cell mitogens [7–9, 16–18].

Coinfection with CMV and EBV can have both synergistic
and antagonistic effects: CMV coinfection can restore defective
vaccination responses in EBV-infected children, and EBV coin-
fection can boost CMV-induced natural killer cell differentia-
tion; together they affect the chance for developing allergic
complications [19–21]. In contrast, infections with herpes-
simplex virus 1 (HSV-1) do not result in persistent effector
T-cell expansions [15]. Less is known for coinfection with var-
icella-zoster virus (VZV), because this already reaches 90%–

100% seropositivity in young adulthood in the Western world.
Accumulations of CMV- and EBV-induced effector memory

T cells have been suggested to overcrowd T cells with other
specificities [5, 22] and to negatively affect immune responses
to other infections and/or vaccinations [9, 17, 23–25].Moreover,
CMV and EBV persistence are associated with cardiovascular
disease, infectious complications and with increased mortality
rates, especially in immunosuppressed individuals or the very
elderly [23, 26–31]. Still, these effects are not consistently ob-
served [32–35], and despite high CMV and EBV seropositivity
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rates in elderly persons, clinical complications develop in only a
minority. An explanation could be the variation in T-cell re-
sponses: virus-specific T-cell numbers vary from barely detect-
able to >30% of total memory T cells in peripheral blood. This
diversity might be affected by the infectious dose [36] and long-
term infection and may thus especially develop in individuals
who had been infected early in life. However, in contrast to in-
fection after puberty, primary infections with CMV or EBV in
early childhood are mostly asymptomatic and might even be
protective against the development of celiac disease and aller-
gies [37, 38].

To study whether the developing immune system in child-
hood provides more effective control of persistent viruses
[39], we studied 1079 6-year-old children in the Generation R
cohort. The combined analysis of CMV, EBV, HSV-1, and VZV
infection in this large cohort allowed us to study virus-specific
and modifying effects on the T-cell compartment and their re-
lation with vaccination responses to tetanus and measles.

MATERIALS AND METHODS

Study Subjects
This study was conducted in the context of the Generation R
Study, a prospective population-based cohort study from fetal
life until young adulthood [40]. We included 1079 6-year-old
children (range, 5.0–7.9 years) in whom CMV, EBV, HSV-1,
and VZV immunoglobulin G (IgG) serology and detailed im-
munophenotyping of blood T cells were performed. From a
random selection of 225 of these children, additional virus se-
rology and immunophenotyping were performed on blood
samples obtained in the second year of life (age range, 13.1–
29.9 months). Written informed consent was obtained from
all parents of participating children. Ethical approval for the
study was obtained from the Medical Ethical Committee of
the Erasmus MC.

Serology
Blood plasma samples were subjected to enzyme-linked immu-
noassays for IgG antibodies against CMV, EBV capsid antigen,
HSV-1 glycoprotein C1, VZV, tetanus toxoid, or measles antigen
(Euroimmun). Results were evaluated relative to a manufacturer-
provided reference threshold sample. Seropositivity, and assumed
virus persistence, was defined by a sample-threshold ratio above
0.6 (CMV), 0.8 (EBV capsid antigen) 1.6 (HSV-1), and 1.0
(VZV). Anti-measles and anti-tetanus IgG levels were analyzed
in international units per milliliter as a continuous variable and
with plasma levels above 275 IU/mL (measles) or 0.5 IU/mL (tet-
anus) being defined as protective vaccination responses.

Immunophenotyping
Absolute numbers of CD3+ T cells were obtained with a routine
diagnostic lyse-no-wash protocol. Detailed analysis of T-cell
subsets was performed with 6-color flow cytometry (Sup-
plementary Table 1 and Supplementary Figure 1) [22, 41].

Antigen-specific T cells were detected in thawed post-Ficoll pe-
ripheral blood mononuclear cells of 15 CMV-infected and 14
EBV-infected children who carried the HLA-A*0201 allele, de-
fined by single-nucleotide polymorphism tags rs2844821(G)
and rs762324(C) in previously generated single-nucleotide
polymorphism arrays [40, 42]. Virus-specific CD8+ T cells
were detected with HLA-A*0201 tetramers loaded with CMV
peptides NLVPMVATV (from pp65; allophycocyanin labeled)
or VLEETSVML (from IE-1; phycoerythrin labeled) proteins
and EBV peptides GLCTLVAML (from BMLF-1; allophycocya-
nin labeled) or YVLDHLIVV (BRLF-1; phycoerythrin labeled).
Flow cytometric datawere acquiredwith a FACSCalibur or LSRII
(BD Biosciences) cytometer and analyzed using FACSDiva (BD
Biosciences; version 6.2) and Infinicyt (Cytognos; version 1.7)
analysis software [43].

Statistical Analyses
Differences in infection prevalence were assessed using χ2 tests.
Differences in lymphocyte counts (or frequencies) between un-
infected controls and virus-infected groups were assessed with
Kruskal–Wallis tests, followed by post hoc Dunn tests. Differ-
ences in longitudinal frequencies of lymphocyte populations
were assessed using paired t test. Differences were considered
statistically significant at P < .05.

RESULTS

Herpesvirus Seropositivity
Among the 1079 children included in the study, 36.2% were IgG
seropositive for CMV, 47.1% for EBV, 14.0% for HSV-1, and
92.1% for VZV. Because mainly CMV and EBV are reported
to result in chronic T-cell expansions, we divided the 1079 chil-
dren into 4 groups: no CMV or EBV infection (uninfected;
n = 399), CMV but no EBV infection (CMV infected; n = 172),
EBV but no CMV infection (EBV infected; n = 289), and CMV
and EBV coinfection (n = 219) (Table 1). The rate of coinfection
with VZV was >90% in all groups. HSV-1 infection was signifi-
cantly more frequent in EBV-infected (P = .02) or CMV-EBV–
coinfected (P < .001) children (Table 1). Therefore, HSV-1
infection in particular needs to be considered for possible con-
founding effects in our analyses on EBV.

CMV- and EBV-Specific Effector Memory T Cells
To analyze whether 6-year-old children carried virus-specific T-
cell expansions, we phenotyped virus-specific CD8+ T cells in
15 CMV-infected and 14 EBV-infected children using CD27
and CD45RA and HLA-A*0201 tetramers loaded with CMV-
specific peptides of pp65 and IE-1 and EBV-specific peptides
of BMLF-1 and BRLF-1 (Figure 1). Virus-specific CD8+ T cells
were detected in blood at frequencies of 0.01%–0.52% (pp65-
NLV) and 0.01%–2.32% (IE-1-VLE) for CMV peptides and
0.02%–0.64% (BMLF-1-GLC) and 0.02%–2.6% (BRLF-1-YVL)
for EBV peptides. The CMV- and EBV-specific CD8+ T cells
were phenotypically diverse and predominantly consisted of
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CD45RA−CD27+/– and CD45RA+CD27− memory T cells (Fig-
ure 1). Thus, 6-year-old children already display expansions
of effector memory T cells directed against CMV and EBV
antigens.

CMV- and EBV-Associated Memory T-Cell Expansions
To study the effects of CMV and EBV on the T-cell compart-
ment,we immunophenotypedCD8+ andCD8− (CD4+)T cells in
18–20 randomly selected children who were either uninfected,

Table 1. HSV-1 or VZV Coinfection in Relation to CMV and EBV IgG Seropositivity at 6 Years of Age

Seropositivity for CMV or EBV All Children, No. (%)

Children With Coinfection, No. (% of Seropositivity Group)

HSV VZV HSV and VZV

None 399 (37.0) 39 (9.8) (reference)a 367 (92) (reference)a 35 (8.8) (reference)a

CMV only 172 (15.9) 18 (10.5) 165 (95.9) 18 (10.5)

EBV only 289 (26.8) 46 (15.9)b 260 (90) 42 (14.5)b

CMV and EBV 219 (20.3) 48 (21.9)c 202 (92.2) 40 (18.3)c

Total 1079 (100) 151 (14) 994 (92.1) 135 (12.5)

Abbreviations: CMV, cytomegalovirus; EBV, Epstein-Barr virus; HSV-1, herpes-simplex virus 1; IgG, immunoglobulin G; VZV, varicella-zoster virus.
a The significance of coinfection in the CMV-infected, EBV-infected, and CMV-EBV–coinfected groups was tested relative to the CMV-EBV–uninfected controls, using χ2 tests.
b P < .05.
c P< .001.

Figure 1. Frequencies and phenotypes of cytomegalovirus (CMV)– and Epstein-Barr virus (EBV)–specific CD8+ T cells in 6-year-old children. CD8+ T cells recognizing CMV-
specific (A, B) or EBV-specific (C, D) peptides were detected with multicolor flow cytometry and further analyzed for CD27 and CD45RA expression. Flow cytometry plots consist
of merged data files of 14 representative CMV-infected (A, B) or EBV-infected (C, D) children who carried the HLA-A*0201 allele. Bottom graphs depict for each individual the
relative distributions of tetramer-positive cells as fold increases compared with the relative distribution of total CD8+ T cells.
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CMV infected, EBV infected, or CMV and EBV coinfected.
T-cell data from each group of children were merged and sub-
jected to automatic population separation with Infinicyte soft-
ware [43], based on the expression of CD3, CD8, CCR7,
CD45RO, CD27, and CD28. Within both CD8+ and CD4+ T
cells, 4 populations were distinguished in 2-dimensional plots
of principle component 1 versus principle component 2 (Fig-
ure 2). CMV was associated with a relative increase of 2
CD8+ populations: population 2 (CCR7−CD45RO−; 9.2% un-
infected and 15.1% CMV infected) and population 3 (CCR7−

CD45RO+; 2.8% uninfected and 5.9% CMV infected). EBV-

infected children showed an increase in CCR7−CD45RO+ pop-
ulations, both CD27− (population 3; 2.8% uninfected and 4.1%
EBV infected) and CD27+ (population 4; 10.5% uninfected and
14.1% EBV infected). CMV and EBV infections were also asso-
ciated with CD4+ T-cell memory expansions: CCR7−CD45RO+

(population 3; 14.2% uninfected, 20.6% CMV infected, and
16.6% EBV infected) and CCR7−CD45RO− (population 4;
6.7% uninfected, 10.9% CMV infected, and 8.6% EBV infected)
(Figure 2B and 2D). Thus, CMV and EBV infection in young
children are associated with relative expansions of memory T
cells.

Figure 2. Relative change in the T-cell phenotype in cytomegalovirus (CMV)– or Epstein-Barr virus (EBV)–infected children. Unbiased flow cytometric analyses of CD8+ T
cells (A) and CD8− T cells (B) in uninfected, CMV-infected, EBV-infected, and CMV-EBV–coinfected children. Data from 18–20 children in each group were merged into a single
file, and subjected to automatic population separation based on the expression of CD3, CD8, CCR7, CD45RO, CD27, and CD28. Two-dimensional projections of principle
component (PC) 1 versus PC2 revealed 4 populations. The relative contributions of CCR7, CD45RO, CD27, and CD28 to PC1 or PC2 are indicated. C, D, CD45RO versus
CCR7 expression of the populations defined by automatic population separation. Populations 3 and 4 in C were both CCR7−CD45RO+ but differed in CD27 and CD28 expression
(small inset).

236 • JID 2016:213 (15 January) • van den Heuvel et al

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article-abstract/213/2/233/2459177 by Biom

edical Library user on 15 July 2019



Normal Numbers of Naive and Central Memory T Cells in CMV- or EBV-
Infected Children
To determine whether the relative memory T-cell expansions in
CMV and/or EBV carriers also affected absolute T-cell num-
bers, we next evaluated the CD4+ and CD8+ T-cell lineages in
1079 6-year-old children. CCR7+CD45RO−CD27+CD28+ naive
T cells were distinguished from CCR7+CD45RO+CD27+CD28+

central memory T (TCM) cells, CCR7−CD45RO+ effector mem-
ory T (TEMRO) cells, and CCR7−CD45RO− effector memory T
(TEMRA) cells (Supplementary Figure 1A) [22, 41]. TEMRO and
TEMRA CD8+ cells were significantly increased in children with
CMV or EBV infection compared with uninfected controls
(Figure 3B). For CMV, these specifically concerned a 4.4-fold
increase in CD27−CD28− late-differentiated TEMRA cells and
1.3–3.3-fold increase in CD27−/+CD28− intermediate- to late-
differentiated TEMRO cells compared with uninfected controls
(Figure 3C and 3D). EBV-infected children showed a 1.2–1.3-
fold increase in CD27−/+CD28− intermediate- to late-differentiated
TEMRA cells compared with uninfected controls and a 1.4–
1.8-fold increase in all TEMRO cell subsets (Figure 3C and 3D).
Naive CD8+ T cells and CD8+ TCM cells were present in normal
numbers. Thus, the expansions of effector memory cells result-
ed in a significant 1.1-fold increase in the total number of CD8+

T cells (Figure 3A).
Combined CMV and EBV infections resulted in a further in-

crease in total CD8+ T-cell numbers (Figure 3A), with seeming-
ly additive effects of the 2 viruses in doubly infected children

compared with singly infected children (Figure 3). Thus, in
these 6-year-old children, infections with CMV and EBV were
both associated with T-cell memory expansions. The pheno-
types of the expanded populations differed for each of the virus-
es, did not affect each other in CMV-EBV double infection, and
did not result in loss of naive CD8+ T cells.

Total CD4+ T-cell numbers were not affected by CMV and/or
EBV infection (Supplementary Figure 1B). Still, EBV-infected
children had 1.5-fold more CD27−CD28− late-differentiated
TEMRO cells than uninfected controls. Furthermore, CMV-
infected children showed a 1.3–2-fold increase in CD27− inter-
mediate- and late-differentiated TEMRO cells and a 1.9-fold
increase in CD27−CD28− late-differentiated TEMRA cells com-
pared with uninfected controls (Supplementary Figure 1B).
Similar to CD8+ T cells, CMV and EBV infection independently
resulted in effector memory CD4+ T-cell expansions, which did
not affect naive T-cell numbers.

Effect of HSV-1 and VZV on T-Cell Subset Numbers
Through combined analysis of children with single CMV, or
single EBV, and double CMV-EBV infection, we could distin-
guish distinct effects of these viruses on the T-cell compartment
in young children. Still, the observed effects could be influenced
by infection with other viruses, such as HSV-1 or VZV,
especially considering the increased HSV-1 positivity in EBV-
infected children (Table 1). Therefore, we separated the groups
of uninfected controls, CMV-infected, EBV-infected, and

Figure 3. Absolute numbers of CD8+ T-cell subsets in cytomegalovirus (CMV)– or Epstein-Barr virus (EBV)–infected children. A, Absolute numbers of total CD8+ T cells in
children uninfected with CMV or EBV or infected with only CMV, only EBV, or both CMV and EBV. B, Similar findings as in A, for 4 main CD8+ T-cell subsets:
CCR7+CD45RO−CD27+CD28+ naive, CCR7+CD45RO+CD27+CD28+ central memory (TCM), CCR7−CD45RO+ effector memory (TEMRO), and CCR7−CD45RO− effector memory
(TEMRA) [41]. C,D, Similar findings as in A, for CD27+CD28+ early, CD27+CD28− intermediate and CD27−CD28− late TEMRO (C) and TEMRA (D) cell populations [22]. Bars represent
stacked median values per T-cell population. The number of individuals per category is indicated underneath each plot. Significance was tested first with a Kruskal–Wallis test
per T-cell population relative to the uninfected controls; if results were significant (P < .05), Dunn tests were performed to compare individual patient groups. *P < .05; †P < .01;
‡P < .001 (Dunn test).

CMV and EBV T-Cell Expansion in Children • JID 2016:213 (15 January) • 237

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article-abstract/213/2/233/2459177 by Biom

edical Library user on 15 July 2019

http://jid.oxfordjournals.org/lookup/suppl/doi:10.1093/infdis/jiv369/-/DC1
http://jid.oxfordjournals.org/lookup/suppl/doi:10.1093/infdis/jiv369/-/DC1
http://jid.oxfordjournals.org/lookup/suppl/doi:10.1093/infdis/jiv369/-/DC1


CMV-EBV–coinfected children further into 3 subgroups: VZV
and HSV-1 uninfected, VZV infected but HSV-1 uninfected,
and VZV and HSV-1 coinfected. Because VZV prevalence
was >90% in our cohort, the effect of HSV-1 without VZV
could not be determined. Although the TEMRO and TEMRA cell
populations differed significantly between all virus-infected
groups (Kruskal–Wallis; P < .001), these effects were caused
only by CMV- or EBV-associated expansions. The presence
of VZV and HSV-1 within the CMV-infected or CMV-EBV–
coinfected group was associated only with a slight but not sig-
nificant increase in TEMRA cells (Figure 4). Thus, coinfection
with VZV and HSV-1 did not significantly affect CMV- or
EBV-associated effector memory T-cell expansion.

Normal Vaccination Responses in CMV- or EBV-Infected Children
The effector memory T-cell expansions in CMV- or EBV-in-
fected children did not result in reduced naive and TCM cell
numbers (Figures 2 and 3). To determine whether immunolog-
ical memory to other pathogens was normally present in these
6-year-old children, we tested their responses to previous vacci-
nations with tetanus at 2, 3, 4, and 11 months and 4 years, and
to measles at 14 months, according to the Dutch national vac-
cination protocol [44]. We defined vaccination responses in a
randomly selected subgroup of 225 6-year-old children who
showed similar seroprevalence for CMV and EBV (Supplemen-
tary Table 2), and similar effector memory T-cell expansions
(data not shown) as the total cohort of 1079 children. Further-
more, the seroprevalence of coinfection with HSV-1 and VZV
did not differ significantly between the CMV- or EBV-infected

groups in this selected cohort (Supplementary Table 3). In total,
81.2% of the children had IgG antibodies against measles, and
63.2% against tetanus. These frequencies did not differ signifi-
cantly in children with CMV and/or EBV infection (Figure 5).
Furthermore, median titers of anti-measles and anti-tetanus
IgG did not differ between the 4 groups. Thus, EBV and
CMV seropositivity did not impair immunity to measles and
tetanus vaccination in 6-year-old children.

No Association Between T-Cell Expansions and Duration of CMV or EBV
Infection
Our results indicate that the EBV- and CMV-specific T-cell ex-
pansions do not affect naive T-cell numbers or vaccination re-
sponses to tetanus and measles in 6-year-old children. To
determine whether infection early in childhood has different
immunological consequences than infection later in childhood,
we assessed CMV and EBV seropositivity around 2 years of age
in a subgroup of 225 children. We observed that of the CMV-
EBV–coinfected children, 80% already carried anti-CMV IgG
before 2 years of age, and 46.8% carried anti-EBV IgG.

We subdivided the EBV- and CMV-infected children into
early-infected (before 2 years) and late-infected subgroups (2–
6 years) and compared their T-cell compartments at 6 years of
age. Neither early nor late infection affected naive and TCM cell
numbers (not shown), but CD4+ and CD8+ effector memory T
cells were significantly increased (Figure 6 and Supplementary
Figure 1C). CMV-EBV–coinfected children with early infection
had significantly smaller CD8+ TEMRO and TEMRA cell popula-
tions than late-infected children, with numbers in early-infected

Figure 4. Effect of herpes-simplex virus 1 (HSV-1) and varicella-zoster virus (VZV) on blood CD8+ CCR7−CD45RO+ effector memory T (TEMRO) and CCR7−CD45RO− T (TEMRA)
cell numbers. Uninfected, cytomegalovirus (CMV)–infected, Epstein-Barr virus (EBV)–infected, and CMV-EBV–coinfected children were further subdivided in children without
HSV-1 or VZV (white), coinfected with only VZV (light gray), or coinfected with both HSV-1 and VZV (dark gray). Absolute numbers of CD8+ TEMRO (A) and TEMRA (B) cells in all
population groups are depicted as 10%–90% box-whisker plots; the number of individuals per category is indicated underneath each plot. Significance was tested first with
Kruskal–Wallis tests per T-cell population; if results were significant (P < .05), Dunn tests of individual patient groups were performed to compare HSV-1 and/or VZV subgroups
within each category of uninfected, CMV-infected, EBV-infected, or CMV-EBV–coinfected children.
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children similar to those in uninfected controls (Figure 6A).
Moreover, retrospective longitudinal analysis of early-infected
children indicated that CD8+ effector memory T-cell numbers
were stable between the ages of 2 and 6 years (Figure 6B). CD4+

effector memory T-cell numbers did not differ significantly be-
tween early- and late-infected children. Still, some cell subsets
in late-infected children had significantly higher numbers
than in uninfected controls, and these were not increased in
early-infected children (Supplementary Figure 1C). Further-
more, CD4+ effector memory T-cell numbers increased be-
tween the ages of 2 and 6 years in early-infected children
(Supplementary Figure 1D). Together, these results suggest
that CD8+ effector memory T-cell numbers are not directly
related to the time after infection. Rather, early infections
were associated with smaller expansions of effector memory T
cells at age 6 years.

DISCUSSION

We studied the effects of single or combined infection with
CMV, EBV, HSV-1, and/or VZV on naive and memory T
cells in a large cohort of >1000 6-year-old children. CMV and
EBV infections each resulted in distinct effector memory T-cell
expansions, which were additive in coinfection. HSV-1 and
VZV infections did not significantly affect the T-cell compart-
ment but might slightly enhance CMV- and EBV-associated T-
cell expansions. In contrast to adults, CD8+ TEM (either Temro
or Temra) cell expansions in CMV- or EBV-infected children

did neither result in overcrowding of naive and TCM cell com-
partments, nor in loss of vaccination responses to tetanus or
measles. Notably, children infected <2 years showed fewer
TEM cells at age 6 years than children infected between age 2
and 6 years. Thus, depending on the age at the time of infection,
CMV and EBV infections seem to be controlled differently.

In our current study, we detected sizeable CMV- and EBV-
specific CD8+ memory T-cell expansions in 6-year-old children.
Unfortunately, the real extent of virus-specific T-cell expansions
is difficult to assess owing to the large number of viral epitopes
and the diverse HLA backgrounds of the children. However, be-
cause (1) the phenotype of the antigen-specific T cells is largely
similar to that of the expanded effector memory T-cell popula-
tions, both relatively and absolute, within the total CD8+ T-cell
pool in our cohort of children, and (2) the antigen-specific
phenotypes are in accordance with previous literature on
CMV and EBV infections in adults [45], we are convinced
that phenotyping the total CD8+ T-cell compartment generates
an reliable representation of virus-associated changes in the im-
mune compartment.

Our observation that CMV and EBV were associated with an
increase of distinct CD8+ TEM cell subsets is consistent with pre-
vious findings in adults and children [5, 7–12, 15, 46, 47]. Im-
portantly, our large cohort allowed us to further analyze the
possible antagonistic, synergistic or independent impact of
CMV and EBV on the immune compartment. Importantly, in
the group of children coinfected with CMV and EBV, an

Figure 5. Vaccination responses in 6-year-old cytomegalovirus (CMV)– or Epstein-Barr virus (EBV)–infected children. Anti-measles (A) and anti-tetanus (B) immunoglobulin G
(IgG) levels in uninfected, CMV-infected, EBV-infected, or CMV-EBV–coinfected children. Specific IgG levels did not differ significantly between the virus-positive groups and
uninfected controls, as determined with the Kruskal–Wallis test. Percentages at the top represent the number of children with a protective anti-measles IgG response >275 IU/
mL (A) or anti-tetanus IgG response >0.5 IU/mL (B). Percentages were not significantly different (χ2 test).

CMV and EBV T-Cell Expansion in Children • JID 2016:213 (15 January) • 239

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article-abstract/213/2/233/2459177 by Biom

edical Library user on 15 July 2019

http://jid.oxfordjournals.org/lookup/suppl/doi:10.1093/infdis/jiv369/-/DC1
http://jid.oxfordjournals.org/lookup/suppl/doi:10.1093/infdis/jiv369/-/DC1


additive effect was seen for the TEM cell expansions compared
with that seen in singly infected patients. Furthermore, the
size of the CMV-associated TEMRA late cell population was
not (negatively) affected by the size of the EBV-associated
TEMRO cell populations in individual patients (data not
shown). Thus, the distinct effects of CMV and EBV on CD8+

TEM cell expansions seem to be independent of each other.
In addition to CD8+ TEM cell expansions, we found that

CD4+ TEM cell numbers were increased in both CMV and
EBV infections, which is similar to observations in adults [6].
Although these expansions were smaller and did not signifi-
cantly increase total CD4+ T-cell numbers, they were distinct
between both viruses. Furthermore, the phenotypes of the
CD4+ TEM cell expansions were remarkably similar to those
of their CD8+ counterparts and were additive in CMV and
EBV doubly infected children. Despite these seemingly minor
expansions, CD4+ T cells have an important role in controlling

primary CMV infection [48]. The formation of sizeable TEM cell
populations is apparently necessary to successfully suppress the
virus. Importantly, these expansions did not result in over-
crowding of more immature T-cell subsets, something that for
CMV infection in elderly has been associated with poor CD4+

memory T-cell responses to influenza proteins [24].
Our large cohort allowed us to study the effects of HSV-1 and

VZV in EBV- and CMV-uninfected children, as well as any
modifying effects on CMV and/or EBV infections. Because vir-
tually all adults are infected with VZV, little is known about the
effects on T-cell memory [15] and we could for the first time
conclude that VZV does not modify T-cell memory alone or
in combination with CMV and/or EBV. Coinfection with
HSV-1 was more frequent in EBV-infected and CMV-EBV–
coinfected children and might therefore be an important con-
tributor to the immune modulation that is currently assumed
to be EBV associated. Still, HSV-1 did not affect TEM cells in

Figure 6. Limited effector memory T-cell expansions in children infected with Epstein-Barr virus (EBV) and cytomegalovirus (CMV) at ate < 2 years. Six-year-old CMV-EBV–
coinfected children were divided into subgroups based on age at infection: <2 years (early; n = 11) (light gray) or >2 years (late; n = 10) (dark gray) and compared with CMV-EBV–
uninfected controls (n = 397) (white). A, B, Absolute number of CD8+ CCR7−CD45RO+ effector memory T (TEMRO) (A) and CCR7−CD45RO− T (TEMRA) (B) cell subsets, shown as
10%–90% box-whisker plots. Significance was tested first with Kruskal–Wallis tests per T-cell population; if results were significant (P < .05), Dunn tests of individual patient
groups were performed. *P < .05; †P < .01; ‡P < .001 (Dunn test). C, D, Longitudinal follow-up of frequencies of CD8+ TEMRO (C) and TEMRA (D) cell subsets at age 2 and 6 years in
early-infected children. No significant differences between these ages were seen with paired t test (P > .12).

240 • JID 2016:213 (15 January) • van den Heuvel et al

D
ow

nloaded from
 https://academ

ic.oup.com
/jid/article-abstract/213/2/233/2459177 by Biom

edical Library user on 15 July 2019



EBV-infected children, suggesting that these expansions are
EBV specific and not due to HSV-1. The difference in T-cell
modulation between CMV and EBV on the one hand and
VZV and HSV-1 on the other is most likely due to tropism
and anatomical localization of the viruses. In fact, it is well pos-
sible that HSV-1 and VZV induce T-cell expansions, but these
cells are thought to reside mostly in the human skin or locally
around virus-infected cells [49].

Despite the expansions in CD8+ and CD4+ TEM cells in chil-
dren infected with CMV and/or EBV, these did not result in de-
creased naive or TCM cell numbers. In fact, infected children had
significantly more total CD8+ T cells. Especially in immunosup-
pressed individuals, but also in CMV-infected elderly persons,
effector memory T-cell expansions with a subsequent loss of
naive T cells and loss of vaccination responses have been de-
scribed as hallmarks of CMV-associated immunosenescence
[9, 17, 24, 25]. However, findings in the literature are inconsis-
tent [32–35], and the loss of vaccination responsiveness in chil-
dren, is not consistently observed [19]. In our cohort, IgG titers
to previous measles and tetanus vaccinations were similar in
uninfected and infected children. Combined, our data suggest
that 6-year-old CMV- and/or EBV-infected children do not
lose their immune responsiveness owing to virus-related effects.

An important explanation for the discrepancy in the litera-
ture on the loss of naive T cells could be differences in analysis
strategies. In fact, owing to the TEM cell expansions, the relative
proportions of naive and TCM cells were decreased in infected
children in our study. Moreover, the expansion of total CD8+

T-cell numbers causes a shift in the ratio of CD4+ to CD8+ T
cells. These relative shifts, however, are the results of data anal-
ysis, rather than real defects, because the absolute naive CD8+

and total CD4+ T-cell numbers were normal. This is why we
have long advocated for consistent analysis of absolute cell
numbers with age-matched controls [50].

Although 90% of elderly persons are infected with CMV and
EBV, only a minority of them shows loss of naive T-cell num-
bers, impaired vaccination responses, and clinical complica-
tions. The reason for this is still unclear. Our findings in
children at age 6 years indicate that early infection before age
2 years results in smaller TEM cell expansions than infection be-
tween 2 and 6 years. Because the size of the expanded virus-
specific TEM cell pool has been directly correlated with the
extent of CMV-induced endothelial damage, the children who
were infected before 2 years might have a reduced risk of cardio-
vascular complications [31]. CMV-related clinical complica-
tions might occur only in individuals infected later in life,
who show the strongest CMV-associated T-cell expansions.
An important factor influencing the variability in the response
might be the infectious dose [36]. It would therefore be interest-
ing to correlate the age at infection and the subsequent size of
the TEM cell expansions with the infectious dose and the devel-
opment of clinical complications in children and adults, in a

separate cohort or in longitudinal follow-up of the uninfected
children in our cohort.

In conclusion, we here provide evidence that in young chil-
dren, CMV and EBV infections lead to sizeable TEM cell expan-
sions but not to associated immunosenescence. In fact, the TEM

expansions result in increased total T-cell numbers, whereas
naive and TCM cells remain normally present, as do responses
to previous vaccinations. Moreover, in 6-year-old children in-
fected before age 2 years, stable control of these persistent virus-
es was maintained with only limited TEM cell expansions. These
new insights into the immunomodulatory effects of herpesvi-
ruses in young children are important in our understanding
of herpesvirus-associated immunosenescence in the elderly.
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