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Background.  Little is known about T cells that respond to human rhinovirus in vivo, due to timing of infection, viral diversity, 
and complex T-cell specificities. We tracked circulating CD4+ T cells with identical epitope specificities that responded to intranasal 
challenge with rhinovirus (RV)-A39, and we assessed T-cell signatures in the nose.

Methods.  Cells were monitored using a mixture of 2 capsid-specific major histocompatibility complex II tetramers over a 
7-week period, before and after RV-A39 challenge, in 16 human leukocyte antigen-DR4+ subjects who participated in a trial of 
Bifidobacterium lactis (Bl-04) supplementation.

Results.  Pre-existing tetramer+ T cells were linked to delayed viral shedding, enriched for activated CCR5+ Th1 effectors, and 
included a minor interleukin-21+ T follicular helper cell subset. After RV challenge, expansion and activation of virus-specific CCR5+ 
Th1 effectors was restricted to subjects who had a rise in neutralizing antibodies, and tetramer-negative CCR5+ effector memory types 
were comodulated. In the nose, CXCR3−CCR5+ T cells present during acute infection were activated effector memory type, whereas 
CXCR3+ cells were central memory type, and cognate chemokine ligands were elevated over baseline. Probiotic had no T-cell effects.

Conclusions.  We conclude that virus-specific CCR5+ effector memory CD4+ T cells primed by previous exposure to related 
viruses contribute to the control of rhinovirus.
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The common cold exacts an enormous health and economic 
burden on a global scale, with 1 billion colds occurring annu-
ally within the United States alone [1]. Human rhinovirus (RV), 
a picornavirus, is the major cause of common cold. Although 
often considered innocuous, RV poses serious and life-threat-
ening health risks among children and adults with chronic dis-
eases of the lower airways, including asthma, chronic obstructive 
pulmonary disease, and cystic fibrosis [2–9]. Moreover, RV has 
been implicated in the development of asthma, which impacts 
~8%–10% of populations in developed countries [10–12].

Despite several decades of study, knowledge of adaptive immu-
nity to RV in humans remains nascent, and preventive treatments 
are lacking. These shortcomings arise from 3 key barriers. First, 
to fully comprehend adaptive immunity, it is critical to study RV 
infection in a time-controlled fashion, owing to the complex and 

dynamic kinetics of antiviral responses. Second, mouse models 
are suboptimal owing to the fact that the major group viruses do 
not bind mouse intercellular adhesion molecule-1 or else fail to 
recapitulate all the features of common cold occurring in humans 
[13]. Finally, RV displays a high degree of antigenic variability, 
and RV infection does not induce durable protection against 
reinfection with either the same or unrelated strains [14–19].

The induction of neutralizing antibodies during infection and 
the presence of serum immunoglobulin G antibodies specific 
for RV capsid proteins each indicate a requirement for T-cell 
help [20, 21]. This is bolstered by identification of RV-specific 
CD4+ T-cell clones that secrete interferon (IFN)-γ and the 
presence of IFN-γ+ CD4+ T cells in bronchoalveolar lavage of 
asthmatics undergoing experimental RV challenge [22, 23]. We 
and others have recently reported on immunodominant CD4+ 
T-cell epitopes of RV capsid proteins, VP1 and VP2 [24, 25]. 
Those results confirmed the presence of multiple peptide/major 
histocompatibility complex II (MHCII) specificities in human 
leukocyte antigen (HLA)-diverse individuals.

In this study, we describe the use of MHCII tetramers to pre-
cisely track virus-specific CD4+ T cells and assess their relation-
ship to infection profiles after intranasal challenge with RV-A39. 
Owing to inherent variability in the response to RV in humans, 
we sought to monitor only those T cells with identical epi-
tope specificities. To accomplish this, we recruited HLA-DR4+ 
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subjects within a large cohort of subjects who participated in a 
clinical trial of probiotic supplementation for the common cold 
[26, 27]. Our findings support a key role for CCR5+ Th1 effec-
tors in the control of RV infection.

METHODS

Study Design

Subjects expressing the common allele HLA-DRB1*0401 
(HLA-DR4+) were identified by HLA typing a large cohort 
enrolled in a randomized double-blind placebo-controlled 

trial of probiotic supplementation for common cold using 
Bifidobacterium animalis subsp lactis Bl-04 at the University 
of Virginia Medical Center (NCT01669603) (Supplementary 
Figure 1) [27]. Sixteen healthy HLA-DR4+ subjects (ages 18–60 
years) completed RV challenge. Blood was obtained from study 
subjects before treatment (day −28), before RV-A39 challenge 
(day 0), and during the acute and convalescent infection (days 
5 and 21) (Figure 1A). Nasal wash specimens for T-cell studies 
were analyzed from 8 infected HLA-diverse subjects on day 5 
of RV-A39 challenge. Additional HLA-DR4+ healthy subjects 
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Figure 1.  Numbers of pre-existing circulating rhinovirus (RV)-A39-specific CD4+ T cells and their memory signature. (A) Experimental model of probiotic supplementation 
with RV-A39 challenge. (B) Comparison of the numbers of circulating tetramer+ T cells at day −28 (presupplementation) and day 0 (postsupplementation and immediately 
before RV inoculation) in HLA-DR4+ subjects (probiotic, n = 11; placebo, n = 5). Subjects shown in red had evidence of natural exposure to RV-A39 or related viral species. 
Bars denote geometric means. (C) Representative data from 3 subjects. (D) Numbers of tetramer+ T cells with naive (CD45RO−), central memory (CCR7+CD45RO+), or effec-
tor memory (CCR7−CD45RO+) phenotypes in each group. One subject receiving probiotic was excluded from phenotypic analyses owing to technical limitations. *, P < .05. 
Abbreviations: ns, not significant; PBMC, peripheral blood mononuclear cells.
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not undergoing RV challenge were recruited through the 
University of Virginia. Informed consent was obtained from all 
study participants, and research was approved by the University 
of Virginia Human Investigation Committee. See the Online 
Supplement for additional details.

Identification of Virus-Specific CD4+ T Cells

Virus-specific CD4+ T cells were identified by tetramer stain-
ing of peripheral blood mononuclear cells (PBMCs) obtained 
by density gradient centrifugation [24]. We previously 
described the development of 2 HLA-DR4 tetramers that dis-
play 1 peptide epitope each from the capsid proteins VP1 and 
VP2 of RV-A39 [24]. Tetramer+ cells were identified directly ex 
vivo using a mixture of both phycoerythrin (PE)-conjugated 
tetramers to stain PBMCs. Tetramer+ cells were then enriched 
from PBMCs using an anti-PE column and stained for surface 
markers, and T-cell frequencies were calculated according to 
established methods [28]. Analysis of intracellular cytokines 
was performed after in vitro expansion with RV-A39 peptides 
by established methods [24]. See the Online Supplement for 
additional details.

Analysis of CD4+ T Cells in Nasal Washes

Mucus was gently dissociated with warm phosphate-buffered 
saline and filtered using a 35-μm nylon mesh filter (Corning 
Life Sciences, Corning, NY). Cells were then stained for viabil-
ity and surface markers before analysis by flow cytometry.

Flow Cytometry

Cells were analyzed on an LSRFortessa (BD Biosciences, San 
Jose, CA). Cell population gating was performed using fluores-
cence-minus-one controls, and a control tetramer displaying an 
irrelevant peptide (GAD555-567) [29] confirmed the specificity 
of RV tetramer staining. Compensation and manual gating anal-
ysis was performed using FlowJo, version 9.3.3 (FlowJo LLC, 
Ashland, OR). Unsupervised high-dimensional analysis using 
a t-distributed stochastic neighbor embedding (t-SNE) algo-
rithm was performed using ACCENSE and Cytobank (http://
cytobank.org) [30, 31]. Expression levels of CD45RO, CCR7, 
CCR5, CD25, and interleukin (IL)-7Rα were used to generate 
t-SNE plots. Complex cytokine signatures were analyzed using 
SPICE version 5.3, downloaded from http://exon.niaid.nih.gov 
[32]. See the Online Supplement for additional details.

Cytokine Assays

Cytokines were measured in nasal wash specimens by multiplex 
assay (TGFβ1, G-CSF, GM-CSF, IFN-γ, IL-1α, IL-12p70, IL-15, 
MIP3α, IL-1β, IL-6, IP-10, MCP-1, MIP1α, and TNFα; Aushon 
BioSystems, Inc., Billerica, MA) and by enzyme-linked immuno-
sorbent assay (CXCL8/IL-8; R&D Systems, Minneapolis, MN).

Statistical Analysis

For statistical analysis, see the Online Supplement.

RESULTS

Experimental Model and Study Subjects

To attain sufficient subjects to rigorously characterize and track 
virus-specific CD4+ T cells with identical antigen specificities in 
an in vivo RV infection model, HLA-DR4+ subjects were iden-
tified by screening 789 subjects enrolled in a double-blind, pla-
cebo-controlled trial of probiotic supplementation for common 
cold [27]. The 7-week trial involved a 4-week period of probiotic 
supplementation followed by intranasal challenge with RV-A39 
and 3 weeks of subsequent monitoring (Figure 1A). Forty-two 
subjects were identified who tested negative for serum neutral-
izing antibodies to RV-A39 and who expressed the common 
HLA-DRB1 allele, *0401. Of these, 16 subjects completed the 
7-week trial (probiotic, n = 11; placebo, n = 5) (Supplementary 
Figure 1).

Baseline Assessment of Virus-Specific CD4+ T-Cell Numbers and Memory 

Status

Circulating RV-A39-specific CD4+ T cells were analyzed at days 
−28 and 0 before RV challenge to assess basal T-cell numbers and 
phenotypes. Tetramer+ T cells were identified in PBMCs using a 
mixture of 2 HLA-DR4 tetramers displaying conserved immu-
nodominant peptide epitopes from the viral capsid proteins 
VP1 and VP2 (peptides VP1P14 and VP2P60) (Supplementary 
Figures 2 and 3) [24]. Analysis of data for probiotic effects iden-
tified no difference in numbers of virus-specific T cells between 
or within probiotic and control groups at each time point (P 
> .05) (Supplementary Table 1, Figure 1B). This was consist-
ent with the recent report of a lack of an effect of Bl-04 sup-
plementation on circulating CD4+ T cells [33]. Virus-specific T 
cells were present in all subjects at days −28 and 0 at frequen-
cies between 2 and 79 per million CD4+ T cells (Figure 1B and 
C). In post hoc analyses, 3 subjects were either seropositive for 
RV-A39 (n = 2) or had positive PCR for RV/enterovirus in nasal 
wash specimens (n = 1) on day 0, indicating natural exposure 
to RV-A39 or related viral species before inoculation (Figure 1). 
Two of these subjects had high frequencies of virus-specific T 
cells (30 and 79 per 106 CD4+ T cells), which decreased during 
the 4-week period. The majority of pre-existing tetramer+ cells 
were central (CCR7+CD45RO+) or effector (CCR7−CD45RO+) 
memory types (Figure 1D). Although effector memory T-cell 
numbers decreased within the probiotic group from day −28 to 
day 0 (P = .0371), this effect was not significant when naturally 
exposed subjects were excluded (P = .148).

Pre-Existing Virus-Specific T Cells Are Activated and Armed to Home to 

the Respiratory Tract

Because additional statistical analyses revealed no T-cell differ-
ences between probiotic and placebo groups at any time point, 
including after RV infection (Supplementary Table 1), pheno-
typic data for virus-specific T cells were analyzed together from 
here on. Both central and effector memory types were enriched 
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within tetramer+ cells compared with total CD4+ T cells before 
RV challenge. Moreover, expression of the T-cell activation 
marker CD25 was higher on tetramer+ cells (P = .042), whereas 
expression of IL-7Rα, which decreases upon activation, was 
lower (P ≤ .002) (Figure 2). It is notable that a higher propor-
tion of tetramer+ cells expressed CCR5, a Th1-associated recep-
tor that permits homing to the respiratory tract (P < .0001) 
(Figure 2) [34–37]. Analysis of cytokine expression in 4 unin-
fected HLA-DR4+ subjects showed that pre-existing tetramer+ 
cells were predominantly IFN-γ+, but they also included 
IL-17A+IFN-γ−, IL-21+IFN-γ−, and IL-21+IFN-γ+ cells, indicat-
ing a mixture of Th1, Th17, and T follicular helper (Tfh) cells 
(Figure 3A and B). The presence of circulating tetramer+ T cells 
bearing the surface signature of Tfh cells (CXCR5+PD-1lo/−) 
was confirmed directly ex vivo (Figure 3C). Collectively, these 

features confirm enhanced activation and tissue migratory 
potential of pre-existing virus-specific Th1 cells.

Numbers of Virus-Specific T Cells Link to a Rise in Serum-Neutralizing 

Antibodies and Delayed Viral Shedding After Infection

Intranasal challenge with RV-A39 resulted in infection in 12 
of 16 subjects (probiotic, n  =  7; placebo, n  =  5). All infected 
subjects developed positive nasal cultures for RV-A39 on days 
1–5, with peak viral titers at day 3 (Supplementary Figure 4A). 
Eight of these had a rise in serum neutralizing antibody titers 
(NAT) by day 21, 2 had no rise, and the remaining 2 were those 
who tested seropositive for RV-A39 on day 0, but nonetheless 
had positive cultures after inoculation (Figure 4A). Four sub-
jects remained uninfected, all in the probiotic group, including 
one who had positive viral polymerase chain reaction (PCR) on 
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day 0 (Figure 4A). There was a trend towards decreased viral 
titers and longer time to viral shedding in the probiotic ver-
sus control group, similar to that observed in the parent study 
(Supplementary Figure 4B and C) [27].

Among all infected subjects who had a rise in NAT, numbers 
of circulating tetramer+ T cells increased (1.2- to 16-fold change) 
during acute infection (day 5) and/or in the convalescent period 
(day 21) compared with day 0 (P ≤ .0137) (Figure 4B and C). By 
contrast, tetramer+ T cells remained relatively constant in unin-
fected subjects and infected subjects with no rise in NAT (Figure 
4B). Using an arbitrary threshold of 10 cells per million T cells, 
subjects who had higher numbers of virus-specific T cells on day 
0 (≥10 tetramer+ cells/106 CD4+ T cells) had longer time to viral 
shedding and a lower proportion shed virus compared with those 
who had lower T-cell numbers (<10 tetramer+ cells/106 CD4+ T 
cells; P = .039) (Figure 4D). This effect was diminished after cor-
recting for probiotic effect (P = .126).

Virus-Specific Effector Memory T Cells Respond to Rhinovirus Infection

T-cell phenotyping of tetramer+ T cells after challenge revealed 
a sharp decrease in the percentage of naive T cells on day 5 in 
all infected subjects who had a rise in NAT, concurrent with 
an increase in the percentage of effector memory cells, loss of 

IL-7Rα, and increased expression of CD25 (Figure  5A–C). 
Conversely, IL-7Rα levels increased on tetramer+ cells in infected 
subjects who had no measurable increase in NAT (Figure 5C). 
In uninfected subjects, tetramer+ cells displayed a shift towards 
effector memory type, despite no overall change in numbers or 
activation status (Figure 4B, Supplementary Figure 5).

CCR5 Is a Marker for Effector Memory T Cells That Respond to Rhinovirus 

Infection

To assess the relevance of circulating virus-specific effector 
memory T cells to the respiratory tract, expression of CCR5 
on tetramer+ cells was analyzed in relation to RV infection. 
Levels of CCR5 were markedly increased on tetramer+ cells 
after challenge in infected subjects, and CCR5+ tetramer+ cells 
were enriched for effector memory cells (Figure 6A and B). 
To visualize CCR5+ tetramer+ cells within the broader CD4+ 
T-cell compartment, unsupervised high-dimensional analysis 
was performed using t-SNE [30, 31]. This method maps sin-
gle cells onto a 2-dimensional plot based on their expression 
of all tested markers. This analysis confirmed that in infected 
subjects who had a rise in NAT, tetramer+ cells mapped to a 
population of effector memory CCR5+ T cells that contained 
activated cells (CD25+ and/or IL-7Rα− cells) (Figure  6C, 
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Supplementary Figure 6). Moreover, CCR5+ cells comprised 
a major subset of total CD4+ T cells at baseline (geometric 
mean = 8.6%; 95% confidence interval, 6.9%–11.8%; n = 11) 
that was modulated in a similar fashion to CCR5+ tetramer+ 
cells during infection. CCR5+ T cells, including those that 

were tetramer+, were also modulated in uninfected subjects 
after RV challenge. By contrast, in those infected subjects 
who had no rise in NAT, t-SNE analysis confirmed a lack 
of modulation of tetramer+ and CCR5+ T cells (Figure  6C, 
Supplementary Figure 6).

Figure 4.  Numbers of tetramer+ T cells in relation to infection status and viral shedding after challenge with rhinovirus (RV)-A39. (A) Diagram of infection outcomes in 16 
HLA-DR4+ subjects. Colored boxes denote heterogeneous infection profiles based on rise in serum neutralizing antibody titers ([NAT] day 21 versus day 0) and viral polymerase 
chain reaction (PCR) test (day 0). (B) Change in frequencies of tetramer+ T cells during the 7-week study period in infected and uninfected subjects, color coded according to 
the flow chart in A. Open symbols with dashed lines denote subjects who received placebo. Bars denote geometric means. *, P < .05. (C) Representative data showing RV-A39 
tetramer staining at each time point in an infected subject. A tetramer displaying an irrelevant peptide (GAD555-567) was used as a control. (D) Time to viral shedding in 
subjects inoculated with RV-A39 classified as “high frequency” (≥10 tetramer+ cells per 106 CD4+ T cells) and “low frequency” (<10 tetramer+ cells per 106 CD4+ T cells) based 
on T-cell numbers on day 0. Abbreviations: ns, not significant; PL, placebo; PRO, probiotic.
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Nasal T Cells Isolated During Acute Infection Display a Rhinovirus-

Specific Signature

Analysis of nasal wash specimens obtained during early infec-
tion (day 4)  revealed an increase in cytokine levels versus 

baseline for CXCL10/IP-10 (the ligand for the Th1-associated 
receptor CXCR3), as well as IL-6 and G-CSF (both of which 
modulate CCR5 expression on T cells) (P  <  .01) (Figure  7A) 
[38–41]. Among those CCR5 ligands measured (CCL2/MCP-1,  
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CCL3/MIP-1α, and CCL5/RANTES), CCL2 was most abun-
dant before RV challenge, and levels generally increased after 
challenge (Figure  7A) [42]. Changes in CXCL8/IL-8, which 
has been linked to symptom severity, as well as other cytokines 
tested, were variable (Figure 7A, Supplementary Figure 7) [43].

Nasal wash specimens obtained from infected subjects at 
day 5 contained CD4+ T cells, which comprised 0.4%–2.5% of 
total live cells (data not shown). Assessment of T-cell signa-
tures in the nose confirmed a dominant Th1 signature based 
on expression of CXCR3 and CCR5 (Figure 7B). Whereas 
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CXCR3−CCR5+ cells were predominantly effector memory type 
(CCR7−CD45RO+), the majority of CXCR3+ cells were central 
memory cells (CCR7+CD45RO+) (Figure 7C). Moreover, sub-
types that expressed CCR5 had lower levels of IL-7Rα compared 
with cells that lacked this receptor (Figure 7D). These collective 
observations strongly support the recruitment of CCR5+ mem-
ory Th1 effectors, including activated virus-specific T cells, from 
the blood to the upper respiratory tract, during RV infection.

DISCUSSION

For the first time, we provide formal evidence of a role for cir-
culating CCR5+ memory Th1 effectors in the control of RV 
infection. By monitoring RV-specific T cells for an extended 
period, we provide multiple lines of evidence to support their 

role before and after RV infection. This includes the following: 
(1) T-cell molecular signatures and numbers consistent with 
immune surveillance in the absence of infection; (2) a relation-
ship between increased numbers of pre-existing T cells and 
increased time to viral shedding; (3) T-cell expansion, activa-
tion, and enhanced homing ability in tandem with production 
of neutralizing antibodies; and (4) the presence of T-cell signa-
tures in the nose during acute infection that match activated 
RV-specific T cells in the blood.

Although previous in vitro studies have inferred a role for 
CD4+ T cells in RV infection [22, 25, 44], none have used tetram-
ers to systematically enumerate and characterize responding T 
cells directly ex vivo. A major limitation of tetramer studies is the 
requirement to match each tetramer to the HLA type of the test 
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subject. Thus, recruiting sufficient subjects with the same HLA 
type to analyze identical T-cell specificities can be problematic. 
We circumvented this limitation by recruiting HLA-DR4+ sub-
jects from a much larger cohort of subjects who were challenged 
with RV-A39. This enabled us to apply a precise and uniform 
approach to analyze the quantity and quality of the CD4+ T-cell 
response to RV, its kinetics, and its relation to infection status.

We recently reported that immunodominant CD4+ T-cell 
epitopes of the related virus RV-A16 are conserved and that T 
cells recognizing these epitopes are cross-reactive among RV-A 
species [24]. In the present study, higher numbers of RV-specific 
T cells were detected at baseline among subjects who had evi-
dence of recent natural viral exposure, and tetramer+ cells were 
present in all seronegative subjects. Given the conserved nature 
of DR4-restricted RV-A39 epitopes, such pre-existing mem-
ory T cells likely arise from iterative priming by related viruses 
during previous exposures. The enrichment of effector mem-
ory cells within the tetramer+ subset at baseline, coupled with 
their enhanced activation and expression of the tissue homing 
marker CCR5, supports a role for pre-existing virus-specific T 
cells in immune surveillance. This was borne out by their rapid 
expansion, augmented activation, and increased migratory 
potential in the blood after RV challenge, which may reflect 
egress of primed T cells from lymph nodes and/or “spillover” of 
effectors from inflamed tissue.

In further support of a protective role for T cells, those sub-
jects who had higher numbers of pre-existing RV-specific cells 
had longer time to viral shedding, and a lower proportion of 
these subjects shed virus. Although this effect was no longer 
significant when the effect of probiotic was taken into account, 
statistical analysis supported a trend, despite the low sample size 
[27]. Although no effect of probiotic on T cells was observed in 
the present study, we acknowledge the administration of pro-
biotic supplementation as a limitation. Nonetheless, our find-
ings are in line with previous studies of Bl-04 supplementation, 
which also failed to identify probiotic modulation of T-cell pop-
ulations or broader immune signatures [33, 45]. Thus, further 
work is required in a larger sample to examine the relationship 
between pre-existing T-cell numbers and infection.

Expansion of RV-specific T cells after challenge was restricted 
to those subjects who had a rise in serum NAT. Virus-specific 
T cells produced both Th1- and Tfh-associated cytokines, sug-
gesting that these cells are equipped to promote viral clearance 
and provide help for antibody responses [22, 23, 44, 46–48]. It 
is notable that no T-cell expansion or evidence of activation 
was observed in 2 infected subjects who had no rise in NAT. 
This might reflect the ability to clear virus locally independent 
of circulating T cells, perhaps through innate mechanisms 
or involvement of other cell types. We were surprised to find 
that, in subjects who remained uninfected after RV challenge, 
enrichment of T effector cells and increased expression of CCR5 
was evident for virus-specific cells, despite no change in T-cell 

numbers. Whether such “covert” T-cell responses reflect suc-
cessful local regulation of virus warrants further exploration.

The RV-specific T cells identified in our study represent only 
2 epitope specificities: 1 each for VP1 and VP2. Although recent 
work suggests that these structural proteins are major antigenic 
targets for CD4+ T cells [24, 25], additional epitopes may reside 
within the RV capsid or else within functional proteins; thus, 
RV-specific CD4+ T cells are likely more abundant than reported 
here. In addition, relatively rare RV specificities are unlikely 
to account for the observed fluxes in a major CCR5+ effector 
memory T-cell subset after RV challenge. These likely reflect a 
bystander T-cell response involving rerouting of CCR5+ T cells 
between the blood and upper respiratory tract. The presence of T 
cells in the nose of infected subjects that bear a molecular signa-
ture akin to circulating RV-specific cells strongly supports active 
T-cell migration between these sites. In addition to CCR5, nasal 
T cells were analyzed in the context of the canonical Th1 marker, 
CXCR3. Although nasal CXCR3−CCR5+ cells were predomi-
nantly effector memory type (CCR7−CD45RO+) analogous to 
RV-specific T cells in the blood, CXCR3+ cells maintained expres-
sion of CCR7. Moreover, CCR5+ subtypes in the nose expressed 
lower levels of IL-7Rα compared with CCR5− subtypes. Together, 
our results support the view that CCR5 is a marker for effector 
memory T cells that respond locally to RV infection.

CONCLUSIONS

In summary, our findings demonstrate a pivotal role for CCR5+ 
memory Th1 cells primed by past exposure to related viruses 
in the control of RV. Our results provide an important stepping 
stone to future work aimed at understanding T cell-mediated 
protective and pathogenic mechanisms in RV infection that 
could guide the design of new treatments.
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