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Abstract

Objective: To determine if immune phenotypes associated with immunosenescence predict risk of respiratory viral infection
in elderly nursing home residents.

Methods: Residents $65 years from 32 nursing homes in 4 Canadian cities were enrolled in Fall 2009, 2010 and 2011, and
followed for one influenza season. Following influenza vaccination, peripheral blood mononuclear cells (PBMCs) were
obtained and analysed by flow cytometry for T-regs, CD4+ and CD8+ T-cell subsets (CCR7+CD45RA+, CCR7-CD45RA+ and
CD28-CD57+) and CMV-reactive CD4+ and CD8+ T-cells. Nasopharyngeal swabs were obtained and tested for viruses in
symptomatic residents. A Cox proportional hazards model adjusted for age, sex and frailty, determined the relationship
between immune phenotypes and time to viral infection.

Results: 1072 residents were enrolled; median age 86 years and 72% female. 269 swabs were obtained, 87 were positive for
virus: influenza (24%), RSV (14%), coronavirus (32%), rhinovirus (17%), human metapneumovirus (9%) and parainfluenza
(5%). In multivariable analysis, high T-reg% (HR 0.41, 95% CI 0.20–0.81) and high CMV-reactive CD4+ T-cell% (HR 1.69, 95% CI
1.03–2.78) were predictive of respiratory viral infection.

Conclusions: In elderly nursing home residents, high CMV-reactive CD4+ T-cells were associated with an increased risk and
high T-regs were associated with a reduced risk of respiratory viral infection.
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Introduction

The burden of respiratory viral infection in elderly nursing

home residents is high [1]. With active surveillance the incidence

of respiratory viral infection is estimated to range from 1.4–2.8 per

1000 resident days [2]. Influenza and respiratory syncytial virus

(RSV) are the viruses commonly responsible for morbidity and

mortality associated with infection, but other respiratory viruses

including parainfluenza, human metapneumovirus, coronavirus

and rhinovirus can also cause severe disease in this population

[1,3–7]. It is a widely held belief that immunosenescence, the

waning of immune function associated with old age, is responsible

for this increased risk and severity of infection [8]; however, only

sparse data exist to substantiate this position [9].

As a first step towards the identification of immune biomarkers

predictive of respiratory viral infection in elderly nursing home

residents, we characterized immune phenotypes in elderly nursing

home residents [10]. Whole blood analysis of circulating CD4+
and CD8+ T-cell subsets was performed in a cross-sectional study

involving 262 nursing home elderly participants and immune

phenotypes were compared to immune phenotypes from healthy
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adults. In addition, we explored how individual immune

phenotypes were influenced by age, sex, frailty and nutritional

status in the nursing home elderly [10]. We observed lower naı̈ve

CD8+ T-cells (CD8+CD45RA+CCR7+) and higher terminally

differentiated memory T-cells (CD8+CD45RA+CCR7-) and

senescent T-cells (CD8+CD282) when compared to healthy

adults [10], consistent with prior findings in elderly people [11–

14]. It is hypothesized that the reduced numbers of naı̈ve CD8+ T-

cells observed in the elderly due to thymic involution, coupled with

an accumulation of poorly functioning terminally differentiated

memory T-cells and senescent cells possibly arising from chronic

antigenic stimulation by cytomegalovirus (CMV) [15,16], predis-

poses elderly people to infection [17].

Supporting this hypothesis, senescent CD8+ T-cells and high

titres of CMV antibody have been found to be associated with

influenza vaccine failure in older people [18–20]. Whether these

same CD4+ T-cell subsets are associated with infection is less

clear. The accumulation of a separate class of T-cell, the

regulatory CD4+ T-cell (T-regs) in elderly people has also been

observed in elderly nursing home residents [10] and community

dwelling elderly people [21]. While T-regs are known to be

responsible for controlling the magnitude of CD4+ and CD8+ T-

cell responses to viral infections [22], whether the accumulated T-

regs in the elderly lead to impairment of host control of infection is

not known.

To our knowledge, the relationship between immune pheno-

types associated with immunosenescence and risk of respiratory

viral infection has not been studied. If a relationship is established,

this could help identify elderly nursing home residents at highest

risk of become ill and could provide more focused care through

targeted prevention. To this end, we sought to identify immune

biomarkers predictive of respiratory viral infection during the

ensuing respiratory viral season, in an elderly nursing home

cohort.

Methods

Subjects and Setting
In this prospective cohort study, elderly participants were

recruited from 32 nursing homes in 4 Canadian cities (Halifax,

Nova Scotia, Sherbrooke, Quebec, Hamilton, Ontario and

Vancouver, British Columbia) in September and October 2009,

2010 and 2011. Residents recruited for a separate study [10] were

also eligible for inclusion in this study. Residents $65 years of age

were eligible for the study. Exclusion criteria included individuals:

not planning to be vaccinated against influenza, receiving

immunosuppressive medications (including cancer chemotherapy,

oral corticosteroid use .21 days, methotrexate, post-transplant

medications and/or anti-cytokine or B-lymphocyte depletion

therapies), or expected to die within 30 days, as determined by

the supervising physician. Written informed consent was obtained

from all participants or their legally appointed guardian in the

event they were not competent to provide consent themselves. The

study protocol was approved by the Research Ethics Board at each

participating institution and nursing home.

Trained research personnel abstracted baseline demographics

from the participants based on an interview, examination and

chart review. Frailty was rated according to the Clinical Frailty

Scale, an 8-point scale ranging from 1–8 as follows: (1) very fit, (2)

well, (3) well with treated comorbid illness, (4) apparently

vulnerable, (5) mildly frail defined as dependence in instrumental

activities of daily living (ADL), (6) moderately frail defined as

required assistance with basic ADL, (7) severely frail defined as

completely dependent on others for ADL and (8) very severely frail

[23]. The Clinical Frailty Scale has been validated in the nursing

home population [23]. Participants received the seasonal influenza

vaccine, typically in October or November, by public health

nurses in accordance with guideline recommendations for the

given year [24–26]. Peripheral blood mononuclear cells (PBMCs)

were drawn from participants 21 days post vaccination.

Residents were actively followed by research staff for the

influenza season immediately following the PBMC draw. The

influenza season was defined as spanning from the first week $5%

of specimens submitted to the local public health laboratory for

viral testing were positive for influenza and ending when ,5%

were positive for influenza for 2 consecutive weeks. The influenza

season was chosen as the period of follow-up as the rate of

respiratory viral infection is highest during the winter months [2].

Trained research personnel reviewed each participant for the

presence of symptoms or signs of respiratory illness twice weekly or

more often if notified of symptoms by nursing home staff.

Nasopharyngeal swabs (Copan ESwab, Copan Diagnostics Inc.,

Murrieta, California) were obtained by the research staff when a

resident had one or more of the following new symptoms or signs:

fever ($38uCelsius), worsening cough, nasal congestion, sore

throat, headache, sinus problems, muscle aches, fatigue, ear ache

or infection, chills, not otherwise explained by an alternative

diagnosis.

Peripheral Blood Mononuclear Cell Analysis and Flow
Cytometry

Blood was obtained from participants between 0700 and

1000 hours and hand delivered to the research laboratory for

immediate processing. PBMCs were isolated and frozen using a

validated common standard operating procedure [27].

T-cell immune phenotypes were determined by thawing patient

PBMCs as previously described [28]. Viability of the PBMCs was

found to range between 87% and 98% and the average viability

was 94.6%. An aliquot (0.5–166106 cells/stain) was placed in

round-bottom 96-well plates with anti-CD3-Qdot605, anti-CD8-

Alexa Flour 700, anti-CD4-Pacific Blue, anti-CD45RA-PE Texas

Red, anti-CD28-PE, anti-CD57-FITC, anti-CCR7-PE Cy7. T-

regs were identified using anti-CD3-FITC, anti-CD4-Pacific Blue,

anti-CD127-PerCP-Cy5.5, anti-CD25-PE, and anti-FoxP3-Alexa-

Fluor700. The following antibodies were purchased from BD

Bioscience: anti-CD4-Pacific Blue, anti-CD28-PE, anti-CCR7-

PE-Cy7 and anti-CD25-PE. The following antibodies were

purchased from eBioscience: anti-CD3-FITC, anti-CD127-

PerCP-Cy5.5, anti-FoxP3-AlexaFluor700. The anti-CD3-Qdot605

was purchased from Invitrogen. The anti-CD57-FITC and anti-

CD45RA-PE-TexasRed antibodies were purchased from Beckman

Coulter. We defined the T-cell subsets as follows: naı̈ve (CD45RA+
CCR7+), terminally differentiated (CD45RA+CCR7-) and senes-

cent (CD28-CD57+). T-regs were defined as CD4+CD25hiC-

D127loFoxp3+. CD4+ and CD8+ immune phenotypes and T-regs

were expressed as a percentage of CD3+. Antibody staining was

performed using a Beckman Coulter Biomek NXp Laboratory

Automation Workstation (Beckman Coulter, Ontario) as previously

described [29], followed by analysis using an LSR II flow cytometer

with a high-throughput sampler (BD Biosciences, NJ, USA). T-regs

were analyzed using FlowJo 9.6 (Treestar Inc, Ashland, OR). T-cell

subset analysis employed an automated gating pipeline using the

flowDensity algorithm [30]. This approach uses customized

threshold calculations for the different cell subsets to mimic a

manual gating scheme based on expert knowledge of hierarchical

gating order and 1D density information. Population identification

is individually tuned to each cell population in a data driven

manner. T-cell subpopulations were identified using characteristics

Immune Biomarkers Predictive of Respiratory Viral Infection
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of their density distribution such as the number of peaks, height and

width of each peak, change of the slope in the distribution curve,

standard deviation, and median density (Figure S1). CD45RA

thresholds were estimated based on control samples, which where

then applied automatically to stimulated samples. CCR7 thresholds

were estimated based on CD57+ populations given the explicit

instruction that CD57+ cells are CCR7- (Figure S1). A total of 17

populations identified by this approach using high performance

computing resources at the Michael Smith Genome Sciences

Centre in order to reduce computational time.

CMV-reactive T-cells were identified by stimulating PBMCs

with a pool of overlapping peptides spanning the immunodomi-

nant pp65 protein of CMV (PepTivator pp65, Miltenyi Biotec)

according to our published protocols [28]. Briefly, thawed PBMCs

were cultured overnight at 37uC and stimulated with CMV

peptides (2 ug/ml) for 1 hr at 37uC. A matched set of PBMCs

were stimulated with DMSO as a negative control. Brefeldin A

(BD Biosciences) was then added according to the manufacturer’s

instructions and the cells were incubated for an additional 4 hours.

The cells were stained with anti-CD4-PacificBlue and anti-CD8-

AlexaFluor700, permeabilized and finally stained with anti-IFN-c-

APC, anti-TNF-a-FITC and anti-CD3-QDot605. CMV-reactive

T-cells were identified as CD3+ (CD4+ or CD8+) IFN-c+ TNF-a+.

Respiratory Virus Detection
Using 200 ul of nasopharyngeal swab material, nucleic acid was

extracted by the bioMerieux easyMAG automated extractor.

Specimens were tested using the xTAG Respiratory Virus Panel

(RVP) assay for influenza A (subtype H1 and H3), influenza B,

RSV (subtype A and B), parainfluenza (1–4), coronavirus (NL63,

OC43, HKU1 and 229E), human metapneumovirus, entero-

rhinovirus, and adenovirus as per the manufacturer’s protocol

(Luminex Molecular Diagnostics, Inc., Toronto, Ontario).

Statistical analysis
The immune phenotype distributions as well as the age

distribution were skewed, and so the distributions of these

continuous variables were summarized as medians and inter-

quartile ranges (IQR). The age and sex for those who had PBMCs

obtained and those who did not were compared using Mann-

Whitney U and chi-square test as appropriate. Complete case

analysis of immune phenotypes was planned if there was ,10%

missing data for each parameter [31].

Unadjusted hazard ratios (HR) and 95% confidence intervals

(CIs) using Cox proportional hazards model were first constructed

to explore the relationship between immune phenotypes and time

to symptomatic respiratory viral infection. In the event a resident

had multiple respiratory viral infections, only the first infection was

included as an outcome. If a participant died prior to a respiratory

viral infection, their time was censored on the date of death. We

hypothesized that the following immune phenotypes associated

with immunosenescence would be associated with increased risk of

infection [12–17,21]: low CD4+ and CD8+ naı̈ve T-cells and high

CD4+ and CD8+ terminally differentiated and senescent T-cells as

well as high CMV-reactive CD4+ and CD8+ T-cells and high T-

regs. Low was defined as immune phenotypes in the first quartile

of the distribution and high was defined as immune phenotypes in

the fourth quartile of the distribution. A priori, it was decided that

age, sex and frailty would be included in the final model, given

their potential for confounding with the effects of primary interest

in this population [32]. Immune phenotypes with a p-value ,0.20

in univariable analysis were included in the final multivariable

model. The final model was determined using backwards

elimination. A sandwich variance estimator was used to account

for the clustering effect at the level of the nursing homes [33]. The

proportional hazards assumption for continuous variables was

explored graphically by plotting partial residuals against time to

event and tested by regressing the partial residuals against time.

The proportional hazards assumption for categorical variables was

examined by a log-minus-log graph to ensure the plotted lines

remained parallel. The presence of multicollinearity was examined

using the variance inflation factor (VIF); presence of multi-

collinearity was defined as VIF .5.

P-values and 95% CIs were constructed using 2-tailed tests. P-

values ,0.05 were considered statistically significant. Statistical

analyses were performed using R, version 3.0.2 [34].

Results

Nursing Home Cohort
In total, 1165 residents were enrolled in the study and of these,

and PBMC were obtained from 1087 (93%). Reasons for not

obtaining PBMCs were either refusal of influenza vaccine or

refusal of blood draw. There was no statistically significant

difference in age (median, 86 (IQR 80–90) versus 85 (IQR 79–89)

without PBMCs, p = 0.42) or sex (%female, 72% versus 64%

without PBMCs, p = 0.12) between those that did and did not have

PBMCs obtained. Fifteen participants (1%) withdrew before the

end of the study, leaving 1072 as our final sample size. Seventy-

three participants died before a respiratory viral infection could be

identified.

Baseline Characteristics
Baseline characteristics of the final cohort are summarized in

Table 1. The median age was 86 years (IQR 80–90 years) and the

ages ranged from 65–102 years. Eight persons were $100 years.

Most (93%) had at least one co-morbidity, and almost half (44%)

scored either 7 or 8 on the Clinical Frailty Scale, which is defined

as severely and very severely frail respectively. Figures 1, 2 and 3

describe the gating strategies used to define the immune

phenotypes. The medians and corresponding IQRs for each

immune cell type tested in this study can be found in Table 1.

Respiratory Virus Infection
In total, 269 swabs were obtained from 233 symptomatic

people. Nasopharyngeal swabs were positive for viruses in 87

symptomatic residents (Table 2). Coronavirus (32%), influenza

(24%), rhinovirus (17%) and RSV (14%) were the most common

viruses found. One nasopharyngeal swab positive for influenza A

also had rhinovirus present.

Predictors of Respiratory Virus Infection
We subsequently investigated whether a relationship existed

between specific immune cell populations and respiratory virus

infection. The proportional hazards assumption was satisfied for

all covariates included in the model and there was no concerning

evidence of multicollinearity (all VIFs were ,3). In univariable

analyses, low naı̈ve CD8+ T-cell% (HR 0.69, 95% CI 0.51–0.95)

and high T-reg% (HR 0.47, 95% CI 0.26–0.85) were associated

with a reduced risk of respiratory viral infection and high

terminally differentiated CD8+ T-cell% (HR 1.57, 95% CI

1.10–2.24), high senescent CD8+ T-cell% (HR 1.55, 95% CI

1.11–2.17) and high CMV-reactive CD4+ T-cell% (HR 1.82, 95%

CI 1.13–2.94), were associated with an increased risk of respiratory

viral infection (Table 3). In multivariable analysis adjusted for age,

sex and frailty, only high T-reg% (HR 0.41, 95% CI 0.20–0.81)

and high CMV-reactive CD4+ T-cell% (HR 1.69, 95% CI 1.03–

Immune Biomarkers Predictive of Respiratory Viral Infection
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2.78) remained predictive of respiratory viral infection in the final

model (Table 3 and Figure 4).

Discussion

In this prospective cohort study of elderly nursing home

residents, CD4+ T cells, in particular T-regs and CMV-reactive

CD4+ T-cells were predictive of respiratory viral infection during

the ensuing respiratory viral season in multivariable analysis. In

contrast, CD8+ T-cells were not found to be predictive in

multivariable analysis. To our knowledge, this is the first study to

identify immune biomarkers predictive of respiratory viral

infection in elderly people.

T-regs are responsible for creating the balance between the

immune response to pathogens and the harmful sequelae of

inflammation that arises with this response [35]. High T-regs have

been consistently observed in elderly people when compared to

healthy adults [10,21], and it has been hypothesized that this shift

may be associated with increased risk of infection seen in the

elderly [21,36]. It is intriguing that in our study higher levels of

circulating T-regs were associated with reduced risk of symptom-

atic respiratory virus infection. We did not systematically test all

residents in our study for respiratory virus throughout the study, so

we cannot determine whether the association between high T-regs

and reduced risk of infection was due to absence of infection or

whether there was a higher incidence of asymptomatic infections

in the high T-reg group. Little is known about the role of T-regs in

preventing acute respiratory viral infection in humans [35]. In

mice, a robust T-reg response has been observed during influenza

[37] and RSV infection [38] and depletion of T-regs delays RSV

viral clearance from lungs [38] suggesting that T-regs play an

important role in controlling the immune response to respiratory

Table 1. Baseline characteristics of the nursing home elderly.

Total n = 1072

Demographics [n(%)]

Age (years)

65–74 131 (12)

75–84 337 (31)

85–94 508 (47)

$95 96 (9)

Sex (F) 776 (72)

Prior co-morbidity

COPD 186 (17)

Coronary artery disease 346 (32)

Diabetes 290 (27)

Heart failure 148 (14)

Stroke 273 (25)

Dementia 511 (48)

$5 medications 966 (90)

Frailty

4 76 (7)

5 174 (16)

6 354 (33)

7 460 (43)

8 8 (1)

Immune Phenotypes [median (IQR)]

CD8+ T-cell

Naı̈ve CD8+ T-cell% 1.10 (0.60–1.82)

Terminally differentiated CD8+ T-cell% 8.95 (4.72–14.80)

Senescent CD8+ T-cell% 5.87 (2.40–11.58)

CD8+ CMV T-cell% 0.32 (.03–1.53)

CD4+ T-cell

Naı̈ve CD4+ T-cell% 13.2 (6.90–22.85)

Terminally differentiated CD4+ T-cell% 8.46 (4.93–14.04)

Senescent CD4+ T-cell% 1.66 (0.28–4.54)

CD4+ CMV T-cell% 0.06 (0.006–0.40)

T-reg

T-reg% 2.73 (2.12–3.45)

doi:10.1371/journal.pone.0108481.t001

Immune Biomarkers Predictive of Respiratory Viral Infection
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viral infection. In aged mice, higher percentages of T-regs are

observed at baseline and during acute influenza infection when

compared to younger mice, and their presence is thought to

contribute to a decrease and delay of CD8+ T-cell response during

acute influenza infection [39]. In consideration of the murine data,

we speculate that elevated levels of T-regs may suppress immune

pathology associated with anti-viral immunity.

CMV has been proposed as the chronic antigenic stimulus

responsible for accelerated immunosenescence, including the

accumulation of senescent CD8+ T-cells [40,41]. There have

been at least three studies looking at the association between CMV

infection and influenza vaccine response in the elderly [20,42,43].

In one, CMV was associated with influenza vaccine non-response

[20], however two other studies found no association [42,43]. In

contrast to the reports on seropositivity, we focused on the T-cell

response to CMV and observed that elevated frequencies of

CMV-reactive CD4+ T-cells, but not CMV-reactive CD8+ T-

cells, were associated with an increased risk of respiratory viral

infection. We are unaware of any other study linking CMV-

reactive CD4+ T-cells to increased risk of respiratory viral

infection. It is difficult to speculate on the possible biological

relationship between the CMV-reactive CD4+ T cells and

susceptibility to infection. Given the observation that CD4+ T-

regs also correlate with susceptibility, we interpret these collective

data as an indication that the distribution of functional cells (i.e.

effector, suppressor, Th1, Th2, etc…) within the CD4+ T cell

compartment has a strong influence on host resistance in the

elderly. Most research to date has focused on CD8+ T-cells in the

elderly and these observation strongly support a new line of

research in the elderly to understand how and why skewing of the

CD4+ T-cell compartment contributes significantly to the

outcome of respiratory infection.

Low naı̈ve CD8+ T-cells, high terminally differentiated CD8+
T-cells and senescent CD8+ T-cells have been described in elderly

populations [10–14] and have been hypothesized to predict risk of

infection [9,17]. Although there were associations between these

immune phenotypes and risk of respiratory viral infection in

univariable analyses, after adjustment for known confounders such

Figure 1. Gating strategy for T-cell phenotypes. T cell phenotypes were defined using the flowDensity software package. Lymphocytes were
first gated from non-margin events, and then singlets were gated. CD45RA thresholds were calculated based on singlet lymphocytes FMO. CD3+ cells
were gated and then separated into CD4+CD8- and CD4-CD8+. Expression of CD57, CD28, CD45RA and CCR7 was analyzed on either CD4+CD8- or
CD8-CD4+.
doi:10.1371/journal.pone.0108481.g001

Immune Biomarkers Predictive of Respiratory Viral Infection
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as age, sex and frailty, CD8+ T cells were not predictive of

respiratory viral infection once all immune phenotypes with

suspected association with respiratory viral infection were included

in the model. This illustrates the need for a robust statistical

approach, including adequate sample size allowing for adjustment

for known confounders and other immune phenotypes when

exploring associations between immune biomarkers and outcomes.

Frailty is a ‘‘state variable’’ which aims to capture a person’s

vulnerability to adverse health outcomes. The Clinical Frailty

Scale used here has been previously validated in nursing home

residents and has been shown to robustly predict outcomes

including mortality, disability and cognitive decline [23]. Frailty

influences health outcomes through a number of mechanisms,

including overall burden of disease/comorbidity and reduced

reserve to tolerate further insults. Frailty has also been associated

with immunosenescence [44]. Because of its importance as a

measure of overall health and its relevance to immune function, it

was a relevant measure to include in this study.

Our analysis was greatly facilitated by an automated analysis

approach which eliminated what would have otherwise been an

extremely time-consuming process of manual gating over 1,000

FCS files using an approach that was unbiased relative to manual

gating with variability as low or even lower than manual gating.

This approach should help facilitate the efficiency of future large

studies of immune biomarkers.

This study provides insights into the role of immunosenescence

and the risk of respiratory viral infection in elderly nursing home

residents. Although our study was designed to identify associations

and not causation, our findings suggest the possibility that

strategies to boost circulating T-regs [45] or vaccines to prevent

infection with CMV [46] or prophylactic anti-viral therapy to

prevent re-activation of CMV may reduce respiratory viral

infections in this high-risk population. In addition, those identified

at increased risk of respiratory viral infection could be offered

alternative prevention strategies such as heightened surveillance

during the highest risk periods, which could help prevent nursing

home outbreaks and transmission to healthcare workers and their

families.

Figure 2. Gating strategy of T-reg. Lymphocytes and singlets were selected. Gates were then set up for CD3+ cells and CD4+. To identify the T-
regs, a gate was set up to select CD25+CD127 lo/2 and T-regs were defined as CD25+CD127 lo/2 FOXP3+.
doi:10.1371/journal.pone.0108481.g002

Figure 3. Gating strategy for CMV-reactive T cells. PBMC were
stimulated with pp65 peptides to identify CMV-reactive T-cells. As a
negative control, PBMC were stimulated with DMSO. Subsequently, the
T-cells were stained for surface markers and intracellular cytokines. To
define the CMV-reactive T-cells, the flow data was gated on singlet
lymphocytes (as shown in Figures 1 and 2) and subsequently gated on
CD3+CD8+ cells and CD3+CD4+. The plots show intracellular cytokine
staining results for a single patient. CMV-reactive T-cells were defined as
IFN-c+ TNF-a+.
doi:10.1371/journal.pone.0108481.g003

Immune Biomarkers Predictive of Respiratory Viral Infection
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Limitations of this study include lower than expected influenza

viral infection. Although influenza is not necessarily the most

common virus isolated in nursing homes, [1], we expected to see

more than 21 cases in 1072 residents during the influenza season

based on prior respiratory viral infection surveillance studies

conducted in nursing homes [1,2]. We do not believe that cases

were missed. Indeed, we performed prospective active surveillance

for symptomatic respiratory viral infection, and approximately one

third of the nasopharyngeal swabs were positive for virus,

comparable to another study, which performed active surveillance

Table 2. Respiratory viruses present in symptomatic elderly nursing home residents.

Nasopharyngeal swabs positive for respiratory virus* n = 87 n(%)

Influenza 21 (24)

Influenza A 16 (18)

Influenza B 5 (6)

RSV 12 (14)

RSV A 10 (11)

RSV B 2 (2)

Coronavirus 28 (32)

Coronavirus OC43 15 (17)

Coronavirus NL63/229E 9 (10)

Coronavirus HKU1 4 (5)

Rhinovirus 15 (17)

Human metapneumovirus 8 (9)

Parainfluenza 4 (5)

Parainfluenza 1 3 (3)

Parainfluenza 2 1 (1)

*One patient had mixed influenza A and rhinovirus.
doi:10.1371/journal.pone.0108481.t002

Table 3. Immune phenotype predictors of respiratory viral infection in univariable and multivariable analysis.

HR (95% CI) Unadjusted P-value HR (95% CI) Final Model* P-value

Age 0.99 (0.97–1.01) 0.35 0.99 (0.98–1.01) 0.30

Sex

Male Reference Reference

Female 1.13 (0.65–1.98) 0.66 1.03 (0.58–1.84) 0.92

Clinical Frailty Scale

4 Reference Reference

5 1.44 (0.34–6.17) 0.62 2.68 (0.58–12.47) 0.21

6 1.99 (0.59–6.70) 0.27 3.67 (1.06–12.67) 0.04

7 or 8 1.41 (0.39–5.07) 0.60 2.45 (0.55–10.86) 0.24

CD8+ T-cell

Low naı̈ve CD8+ T-cell% 0.69 (0.51–0.95) 0.02

High terminally differentiated CD8+ T-cell% 1.57 (1.10–2.24) 0.01

High senescent CD8+ T-cell% 1.55 (1.11–2.17) 0.01

High CMV-reactive CD8+ T-cell% 1.15 (0.65–2.03) 0.64

CD4+ T-cell

Low naı̈ve CD4+ T-cell% 0.85 (0.61–1.18) 0.33

High terminally differentiated CD4+ T-cell% 0.96 (0.60–1.55) 0.88

High senescent CD4+ T-cell% 1.08 (0.71–1.64) 0.73

High CMV-reactive CD4+ T-cell% 1.82 (1.13–2.94) 0.01 1.69 (1.03–2.78) 0.04

T-reg

High T-reg% 0.47 (0.26–0.85) 0.01 0.41 (0.20–0.81) 0.01

*Final model adjusted for age, sex, frailty, high T-reg% and high CMV-reactive CD4+ T-cell%.
doi:10.1371/journal.pone.0108481.t003
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for respiratory infections in nursing homes in Canada [2]. Instead,

we believe the lower numbers were due to circulation of pandemic

H1N1, an influenza strain that had less impact on older people

during the 2009–2010 influenza season than pre-pandemic years

and the relatively low incidence of influenza during 2010-2011

influenza season [47]. In addition, the lower numbers could have

been due to the fact that we only included residents who had been

vaccinated against influenza. We felt that influenza vaccination

status was too important a confounder to manage statistically, both

because of its potential ability to prevent influenza infection and

because of its association with the healthy user bias [48,49]. It

remains possible that there are different immune predictors for

each of the different respiratory viruses in this vaccinated cohort

and combining the respiratory viruses together in one combined

endpoint limited its generalizability; however we chose a priori to

combine the respiratory viruses together in a combined endpoint

based on the fact they result in similar outcomes in this population

[1,3–7]. The low number of participants with influenza precluded

our ability to perform a sensitivity analysis, looking at immune

phenotypes predictive of influenza infection.

An additional limitation was that we were unable to include

immune phenotypes as continuous variables in the analysis. In

general, maintaining data as continuous is preferred over

categorizing data [50]; however an analysis including immune

Figure 4. Time to respiratory viral infection stratified by a) T-reg%, adjusted for age, sex, frailty and CMV-reactive CD4+ T-cell%)
and b) CMV-reactive CD4+ T-cell%, adjusted for age, sex, frailty and T-reg%.
doi:10.1371/journal.pone.0108481.g004
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phenotype data as continuous was not feasible as it led to estimates

with wide confidence intervals. Thus, the analysis was performed

using categorized variables, similar to other aging studies [51–55].

Although seventy-three participants died prior to developing a

respiratory viral infection, we do not believe this competing risk

introduced significant bias. Competing risks are unlikely to bias the

result when the follow-up is short, or the proportion of participants

experiencing a competing risk is less than the proportion of

participants experiencing the outcome [56]. In this study, the

follow-up was short (only one influenza season) and the proportion

of participants who died was less than those who developed a

respiratory viral infection. Last, these results were obtained in a

frail elderly population and may not be generalizable to

community dwelling elderly.

In conclusion, in elderly nursing home residents, high CMV-

reactive CD4+ T-cells were predictive of increased risk of

respiratory viral infection and high T-regs were predictive of

reduced risk during the ensuing respiratory viral season. These

findings provide insights into immunosenescence and risk of

infection and may help guide future prevention strategies.

Supporting Information

Figure S1 Comparison of automated versus manual
gating for T-cell phenotypes. The same gating hierarchy was

used for manual (top row) and automated (bottom row)

approaches for the T-cell panel as described in the text. Similar

results were obtained for both methods.
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15. Wikby A, Johansson B, Olsson J, Löfgren S, Nilsson B, et al. (2002) Expansion of

peripheral blood CD8 T-lymphocyte subpopulations and an association with

cytomegalovirus seropositivity in the elderly: the Swedish NONA immune study.

Exp Gerontol 37: 445–453.

16. Looney R, Falsey A, Campbell D, Torres A, Kolassa J, et al. (1999) Role of

cytomegalovirus in the T-cell changes seen in elderly individuals. Clin Immunol

90: 213–219.

17. Fulop T, Larbi A, Wikby A, Mocchegiani E, Hirokawa K, et al. (2005)

Dysregulation of T-cell function in the elderly: scientific basis and clinical

implications. Drugs Aging 22: 589–603.

18. Goronzy J, Fulbright J, Crowson C, Poland G, O’Fallon W, et al. (2001) Value

of immunological markers in predicting responsiveness to influenza vaccination

in elderly individuals. J Virol 75: 12182–12187.

19. Saurwein-Teissl M, Lung T, Marx F, Gschösser C, Asch E, et al. (2002) Lack of
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