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Abstract

The diagnosis of influenza is often missed in older adults and illness presentation may be modified
by prior vaccination. We evaluated the symptoms and immunologic markers predicting laboratory-
confirmed influenza (LCI) among vaccinated older adults. In subjects with influenza-like illness
(IL1), fever distinguished subjects with laboratory-confirmed influenza (LCI) from those with
other IL1 (39% vs. 12.5%, p=0.009). In LCI subjects who did not seroconvert to influenza
infection, pre-infection levels of the cytolytic mediator, granzyme B, correlated with fever
(r=1.00; p=0.01) and the IFN-y:IL-10 ratio (r=0.99; p=0.03), and increased following influenza
infection in LCI vs. ILI subjects (p=0.03). The cell-mediated immune response to influenza
distinguishes A/H3N2 LCI from other ILI in older adults, and suggests a link between cell-
mediated immunity and influenza illness severity in vaccinated older adults.

Keywords
influenza; granzyme B; interferon-y; interleukin-10; elderly

1. Introduction

Influenza is a febrile respiratory illness affecting 5% — 20% of the US population each year.
There were more than 200,000 annual hospitalizations estimated from 1979-2001 and at
least 36,000 annual deaths during 1990-1999 [1,2]. Mortality rates are highest among older
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adults especially with cardiovascular and pulmonary disorders [3]. Most of the surveillance
data describing influenza in the community includes only small numbers of older adults
[4,5]. This study evaluated different symptoms and immunologic markers for predicting
influenza in vaccinated older adults (=60 years) presenting with respiratory symptoms
during the influenza season.

Studies of the immune response to influenza vaccination and infection are often limited to
measures of antibody titers. The contribution of cytotoxic T lymphocyte (CTL) to the
defense mechanisms against influenza in people has long been understood [6]. Since aging
is primarily associated with a severe reduction in CD8+ memory T cells that contribute to
the CTL response [7], we have been interested in studying the effect of declining CTL
activity on the response to influenza in older adults. Granzyme B (GzmB) has been shown to
be the earliest and main contributor to CTL-mediated killing of influenza virus-infected cells
in the mouse [8,9], and GzmB activity has also been shown to correlate with

traditional °1Cr-release assays of CTL activity in influenza-stimulated human peripheral
blood mononuclear cells (PBMC) [10,11]. In a study of well-characterized older adults with
LCI using a validated assay of different immunologic markers, we show that interferon-y
(IFN-y), interleukin-10 (IL-10) and GzmB levels in influenza-stimulated PBMC
complement serologic measures of the immune response to influenza vaccination and
infection.

2. Materials and Methods
2.1. Study design and participants

This was a prospective cohort study of 315 subjects (recruited by written, informed consent)
to evaluate T cell responses as correlates of protection against influenza following
vaccination in older adults conducted at the University of Connecticut Health Center (N =
140) and the Vancouver Coastal Health Research Institute (N = 175). The study enrolled
subjects > 60 years of age from the community with 11% recruited from heart function and
6% from pulmonary clinics. The study excluded patients with any immunocompromised
state or who did not receive influenza vaccination in the previous year. The Institutional
Review Board (IRB) at both participating institutions approved the study.

2.2. Procedures

Study participants were characterized according to demographics, presence or absence of
CHF, medications including HMG CoA reductase inhibitors (statins), and functional
capacity according to performance on the 6-Minute Walk Test (6-MWT). All participants
were vaccinated at the first study visit in the fall of 2007 with influenza vaccine containing
AJSolomon Islands/3/2006-like (HIN1), A/Wisconsin/67/2005-like (H3N2), and B/
Malaysia/2506/2004-like strains and with subsequent study visits at 4, 10 and 20 weeks
post-vaccination. Blood samples were drawn at each study visit for influenza serology and
isolation and stimulation of PBMC with live influenza virus.

2.3. Influenza surveillance

Participants received weekly phone calls during the influenza season (early January through
mid April, 2008), which started after the 10-week post-vaccination visits, and reported
influenza-like illness (ILI) symptoms. ILI was defined by the presence of two respiratory
symptoms (cough, sore throat, shortness of breath, and nasal stuffiness) or one respiratory
and one systemic symptom (headache, malaise, oral temperature >99° F or feverishness and
muscle aches). When reported symptoms met the ILI criteria and were within 5 days of
onset, a nasal swab for detection of influenza virus was obtained during a home visit or a
clinic visit; subjects were urged to call their primary care physician to report the illness and
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seek medical attention as needed. A laboratory diagnosis of influenza illness was confirmed
by the detection of influenza virus in a polymerase chain reaction (PCR) assay of the nasal
swabs or a 4-fold or greater rise in the antibody titer after the illness. Subjects that met both
clinical and at least one of the laboratory criteria were identified as laboratory-confirmed
influenza (LCI).

2.4. Polymerase chain reaction (PCR)

Frozen aliquots of nasal swab samples from the Connecticut and VVancouver sites were
respectively tested in the Rochester laboratory (ARF) and the British Columbia Centre for
Disease Control. RNA extracted from nasal samples using RNA STAT - 50 LS (Tel-Test,
Friendswood, TX) was transcribed to cDNA and then amplified using proprietary primers
and probes sequences (1-007-05; supplied by Dr. Stephen Lindstrom of the Center for
Disease Control and Prevention, Atlanta, GA). Similar PCR methods were used at the
British Columbia Centre for Disease Control (Vancouver, Canada). After the reverse
transcription step, individual amplification steps were separated for Flu A and Flu B. For the
Flu A amplification, cDNA was mixed with 400nM each of forward and reverse primers and
100 nM of the FAM labeled probe (with Black Hole Quencher 1). The same concentrations
were used in the Flu B amplification except that the dual labeled probe concentration was 50
nM. Samples were amplified for 42 cycles.

2.5. Hemagglutination inhibition assay

Serum antibody titers measured by hemagglutination inhibition (HAI) assays were
performed as previously described [12] using 2-fold dilutions of serum from 1/10 to 1/1024
and a single stock source for each of the hemagglutinin antigens (Centers for Disease
Control, Atlanta, GA) and representing the strains of virus contained in the vaccine.
Geometric mean titers were calculated using logyg conversion for each dilution.
Seroprotection is defined as an antibody titer > 40 and seroconversion as a 4-fold or greater
rise in antibody titer.

2.6. Cell culture, virus stimulation and granzyme B assay

PBMC were isolated from venous blood samples at 0, 4, 10 and 20 weeks post-vaccination
by Histopaque gradient purification and stimulated in AIM V medium (GIBCO) containing
3.0 x 10° lymphocytes/ml, 6 x 10% TCIDso/ml of influenza A/H3N2 or B strains (sucrose-
gradient purified A/Aichi and B/Lee, Charles River; or cell-derived A/Wisconsin/67/2005
and B/Malaysia/2506/2004, Solvay Pharmaceuticals, The Netherlands) as previously
published [13]. PBMC lysates were harvested after 20 hours of culture and frozen at —80° C
until completion of the study in each year. GzmB activity was measured in PBMC lysates
(20 pl) by cleavage of the substrate, IEPDpna, (BACHEM) as previously described [14] and
recently validated [15]. GzmB activity was then measured against a commercially available
GzmB standard (Biomol), adjusted for the amount of protein in the lysate, and reported as
units per mg protein (BCA assay, Pierce) in the PBMC lysates.

2.7. Multiplex cytokine assay

Bio-plex multiplex cytokine assay kits measuring IL-1p, IL-2, IL-5, IL-6, IL-10, IL-12,
IL-17, and IFN-y, and tumor necrosis factor-o. (TNF-a) were from Bio-Rad Laboratories.
Briefly, 50 ul culture medium was incubated with antibody-coupled beads. Complexes were
washed, then incubated with biotinylated detection antibody and, finally, with streptavidin-
phycoerythrin prior to assessing cytokine concentration titers. Human recombinant cytokine
standards were provided by the vendor (Bio-Rad Laboratories). Cytokine levels were
determined using a multiplex array reader and software from Luminex™ Instrumentation
System (Bio-Plex Workstation from Bio-Rad Laboratories). Minimum level of detection for
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each of the cytokines (pg/ml) is IL-1: 0.3; IL-2: 0.3; IL-5: 0.8; IL-6: 0.6; IL-10: 0.5;
IL-12(p70): 0.7; IL-17: 0.5; IFN-y: 1.5; and TNF-a: 1.4. Undetectable cytokine levels were
assigned a value of 1/2 of the MLD.

2.8. ELISA assay

IFN-y and IL-10 levels were measured in PBMC supernatants using sandwich enzyme-
linked immuonosorbent assay (ELISA) kits with a minimum level of detection (MLD) of 2.0
pg/ml for 1L-10 and 4.0 pg/ml for IFN-y (eBioscience, San Diego, CA). Undetectable
cytokine levels were assigned a value of 1/2 of the MLD.

2.9. Statistical analysis

3. Results

The analysis included all subjects reporting ILI and compared LCI subjects to those without
LCI. Pearson correlation coefficients were used to detect associations. Paired t-tests were
used to detect changes over time in response to vaccination or influenza infection.
Differences between subjects with influenza infection compared with those without were
evaluated using analysis of variance (ANOVA). Chi square tests were used to compare
dichotomous variables and to calculate positive predictive values (PPV) and negative
(NPV). Sensitivity and specificity were calculated from the number of subjects reporting ILI
and the number of confirmed influenza cases. Univariate logistic regression analysis was
used to evaluate each symptom effect on confirmed influenza cases. Multivariate backwards
stepwise logistic regression was performed including all symptoms to predict confirmed
influenza cases, adjusted for age and gender. All statistics were performed using SPSS 16.0
(Chicago, IL).

3.1. Influenza Outcomes

Three hundred and fifteen subjects (58% females, 42% males) were enrolled and vaccinated
in the fall of 2007 and influenza surveillance initiated at two study sites at the start of the
influenza season in January 2008. The mean age was 74 years (range 60-92). Most of the
participants were healthy adults (82.5%), 14% had heart failure (HF) and 6% had chronic
obstructive pulmonary disease (COPD). Of the 315 participants, 90 (25%) reported ILI
during the influenza season. The predominant circulating strains in the area of VVancouver,
Canada, were influenza A/H3N2, and in the Hartford, CT area were influenza B, and this
was reflected in the LCI detected at the two study sites. All LCI cases were documented
between 10-weeks and 20-weeks post-vaccination when influenza was circulating in the
community. According to the clinical and laboratory criteria, 19 subjects had confirmed
influenza (20% of those reporting ILI). Thirteen of the 19 (66%) subjects had influenza A/
H3NZ2 infections, and six (34%) had influenza B infections. An additional two subjects
seroconverted to the A/H3N2 vaccine strain, and four subjects to the B strain in the vaccine,
but reported no ILI, and thus could not be classified as LCI (i.e., asymptomatic
seroconverters). Three LCI subjects had influenza A/H3N2 influenza confirmed by PCR but
did not seroconvert to the infection. One influenza A/H3N2 case had a medically attended
acute respiratory illness, was exposed to a confirmed LCI case, and showed an almost 4-fold
increase in antibody titer but was not available for a nasopharyngeal swab at the time of
illness. The results for the ILI1 and LCI cases are summarized in Figure 1.

3.2. ILI Symptoms Predicting Laboratory Confirmed Influenza

The most commonly reported symptoms by LCI subjects were coryza (94%), sore throat
(68%) and cough (56%). Individuals with other respiratory illnesses reported coryza (89%),
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sore throat (71%) and malaise/fatigue (60%). Fever was the only symptom reported more
frequently by the influenza cases (39% vs. 12.5%, p=0.009).

The average time from the onset of symptoms to reporting the illness was 3.7 days for
subjects with influenza and 4 days for subjects with ILI without influenza (P=0.83). There
was no difference between the numbers of symptoms reported by subjects with influenza A
and influenza B (3.9 vs. 3.8). Flu positive subjects who seroconverted were not found to
have more systemic complaints when compared to those who did not seroconvert.

As shown in Table I, fever was the best predictor of LCI with the odds ratio of 4.45 and PPV
of 44% (P=0.01; 95% CI 1.37-14.4). Fever combined with coryza increased the PPV (54%)
for LCI. The presence of HF and COPD was also suggestive of increased risk of influenza
but it did not reach statistical significance (OR=3.2, P=0.08) probably due to the limited
number of subjects. The symptom complex of fever, coryza and shortness of breath with a
history of HF or COPD was strongly predictive of LCI (OR=13.9, P=0.003). None of the
other symptoms, signs or subject characteristics could distinguish influenza from other
respiratory illnesses.

Subjects with LCI due to influenza A/H3N2 or influenza B were separated in stepwise
logistic regression model to identify clinical predictors. For influenza A, both coryza
(OR=7.78, P=0.005; 95% Cl, 2.0-56.7) and fever (OR 16.3, P=0.0001; 95% Cl, 6.8-253)
were strong predictors of influenza. For influenza B, only the history of HF or COPD was
predictive of influenza illness when compared to the ILI not due to influenza (OR=5.4,
P=0.02; 95% ClI, 1.4-53). Three of the six LCI due to influenza B had CHF or COPD, while
overall only 20% of subjects had CHF or COPD.

3.3. Granzyme B and cytokine responses to influenza infection

To determine the specificity of immune response to influenza, we compared the subset of
LCI subjects with influenza A/H3N2 (N=13), to the rest of the ILI subjects including those
with influenza B (N=77); as there is no immunologic cross-reactivity between influenza A
and influenza B strains, LCI due to influenza B were combined with ILI due to other viral
etiologies as the controls for this analysis. A similar analysis for the influenza B LCI group
could not be conducted due to the limited number of cases and, thus, the subsequent analysis
was restricted to the H3N2 LCI group, and cytokine and GzmB levels in A/H3N2-stimulated
PBMC. Table Il provides the antibody titers for the H3N2 LCI subjects, showing that three
of the 13 subjects did not seroconvert to the A/H3N2 infection as determined by the change
in antibody titers from 10-weeks to 20-weeks post-vaccination.

To determine the predictive value of cytokine and GzmB levels, we analyzed the absolute
levels of GzmB, cytokines, and the IFN-y:IL-10 ratio prior to A/H3N2 infection (10-weeks
post-vaccination), and the response to infection (change in level from 10-weeks to 20-weeks
post-vaccination) in A/H3N2-stimulated PBMC. GzmB levels in influenza A/H3N2-
stimulated PBMC from A/H3N2 LCI cases were lower compared to the other ILI subjects
but this difference was not statistically significant (Figure 2). As shown in Table IlI, the
change in GzmB levels from pre-infection (10-weeks post-vaccination) to post-infection
(20-weeks post-vaccination) with influenza A/H3N2 distinguished those older adults with
confirmed influenza A/H3N2 infection from those with ILI due to other viruses. GzmB
levels were measured using the same validated assay of GzmB activity in both study
laboratories [15]. Mean GzmB activity significantly increased from 581.9 to 878.2 U/mg
protein in response to influenza A/H3N2 infection (p=0.02) with a significantly greater
increase in GzmB levels in LCI subjects with A/H3N2 compared to the rest of the ILI
subjects (p=0.02) in whom no significant change in GzmB levels occurred (P=0.63).
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In contrast to the GzmB results, the change in the IFN-y:1L-10 ratio from pre- to post-
infection, reflecting the T helper type 1 (IFN-y) relative to the T helper type 2/3 (IL-10)
response, was not significantly different between the two groups. These results may be
explained by the different methods for the cytokine assays used at the two sites. Cytokine
levels were measured by a validated multiplex bead array assay method in the Vancouver
laboratory, and ELISA-based assays in the Connecticut laboratory. We have previously
reported that the limited dynamic range of the ELISA-based assays often necessitates
dilution of the sample, which also dilutes any inhibitors in the sample and may contribute to
an inflation of the calculated cytokine levels [16]. The increased dynamic range of multiplex
bead arrays minimizes the issues of sample dilution and affords the evaluation of multiple
cytokines in a relatively small sample volume. Multiplex vs. ELISA-based assay techniques
may account for the lack of difference in the IFN-:IL-10 ratio between H3N2 LCI and the
rest of the ILI subjects when the results for the two laboratories were combined.

3.4. Fever correlates with low levels of GrzB and IFN-y:IL-10 ratios

The next analyses were performed to establish linkages between the different immunologic
measures and the clinical profile of LCI due to A/H3N2 infection. Due to the issues with the
ELISA-based assays from the Connecticut site, we limited our analysis to the nine A/H3N2
cases from the Vancouver site. We postulated that fever was a sign of more severe influenza
illness and analyzed the association between pre-infection levels of GzmB and cytokines
(measured at 10-weeks post-vaccination, and the immune response to the infection (the
change in levels from 10-weeks to 20 weeks post-vaccination). As shown in Figure 3, H3N2
LCI subjects who seroconverted to the A/H3N2 infection (Sero), compared to H3N2 LCI
subjects who were PCR+ but did not seroconvert to the infection (PCR+), showed a
significant increase from pre- to post-infection in both IFN-y and IL-10 levels in A/H3N2-
stimulated PBMC (p=0.056 and p=0.04, respectively). H3N2 LCI subjects who were PCR+
had a lower IFN-y:1L-10 ratio at the pre- and 4-week post-vaccination but the ratio was not
statistically different from the rest of the subjects. However, A/H3N2 PCR+ subjects
appeared to be a unique subset of the H3N2 LCI cases in that there was a statistically
significant correlation between low levels of GzmB in A/H3N2-stimulated PBMC prior to
infection (10 weeks post-vaccination) and the report of fever (vs. no fever) during influenza
A/H3N2 infection, only in the A/H3N2 PCR+ group (r=1.000, p=0.01). In addition, these
low GzmB levels were highly correlated with the IFN-y:IL-10 ratio (r=0.999, p=0.03). Thus,
illness severity (presence of fever) in the A/H3N2 PCR+ group compared to the A/H3N2
Sero group, may correspond to the low levels of GzmB and the IFN-y:IL-10 ratio and the
inability to mount an antibody response to infection.

3.5 Other cytokines do not show aresponse to influenza infection

The analysis of other cytokine levels in influenza-stimulated PBMC supernatants by
multiplex bead arrays was explored to determine which cytokine levels changed in response
to influenza vaccination and infection in older adults. The IFN-y and IL-10 response from
pre- to 4-weeks post-vaccination was statistically significant (p<0.001 for both) but the IFN-
v:IL-10 ratio did not significantly change over this time period (Figure 3). As shown in
Figure 4, a significant response from pre- to 4-weeks vaccination could be demonstrated for
IL-1pB, IL-2, IL-5, IL-6, IL-12, IL-17, and TNF-y (p< 0.01) but a clear increase from pre-
infection (10-weeks post-vaccination) to post-infection (20-weeks post-vaccination) with A/
H3N2 could not be demonstrated with the limited number of A/H3N2 cases available for
this analysis.
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4. Discussion

Influenza surveillance in vaccinated older adults suggests that it is very difficult to predict
influenza illness based on different clinical signs and symptoms. Fever has been identified
as a predictor of influenza illness along with cough, rhinorrhea and acuity of symptoms in
the published literature representing all ages [4,17-19]. Studies evaluating older adults in the
community have slightly mixed results. In study by Govaert et al., the combination of fever,
cough and acute onset of symptoms had the highest predictive value (30.3%) [17].
Nicholson et al. suggested that in the elderly population, the symptom complex of myalgia,
respiratory symptoms and feverishness or sweats had a sensitivity of 29% with PPV of 33%
[20,21]. Our results are consistent with these studies with fewer predictors identified due to
the smaller numbers of LCI cases identified in this study.

We present data to show a very high correlation between low GzmB levels prior to influenza
AJH3N2 infection, the development of fever, and the lack of seroconversion to the infection,
suggesting a link between cell-mediated immunity and influenza illness severity. Our results
also show that GzmB levels specifically increase in response to influenza A/H3N2 infection
independent of the serologic response. We have previously shown that the T cell memory
that is established by an influenza infection, can be re-stimulated with a subsequent
vaccination in older adults suggesting that new influenza vaccines could be designed to
stimulate a more robust T cell response and enhance protection [13]. We have also shown
that the GzmB response to influenza infection can be detected by approximately one week
after the onset of illness [14,22]. Since not all older adults seroconvert to influenza infection,
GzmB may serve as an alternate marker of infection in this population, which tends to have
atypical presentations. In contrast, IFN-y and 1L-10 levels only appear to increase in those
who seroconvert to the infection, and thus may not add to what can more easily be detected
by changes in antibody titers.

GzmB levels in ex vivo influenza stimulated PBMC may increase in the absence of a
cytokine response following an influenza infection because CTL memory is directly
stimulated by influenza epitopes expressed with MHC | on infected cells of the respiratory
epithelium. The amount of GzmB activity produced ex vivo by these recently stimulated
memory CTL, would thus be expected to increase over GzmB levels observed prior to
influenza infection. In contrast, helper T cells are stimulated by influenza-peptide-MHC I1
complexes on antigen presenting cells in the lymph nodes adjacent to the lungs. The
resulting helper T cell memory may not translate to increased cytokine levels or the ratio of
IFN-y:1L-10 in ex vivo influenza-stimulated PBMC, relative to the levels obtained prior to
infection. When there are low levels of CTL activity (GzmB) at the onset of infection and no
change in ex vivo cytokine levels or the IFN-y:IL-10 ratio in response to infection, the lack
of a T-dependent antibody response (i.e., seroconversion) to influenza infection and an
increased severity of illness may be predicted.

The limitations of this study are the small number of cases influenza A/H3N2 within the
different LCI subsets. However, a strong association between fever and pre-infection levels
of GzmB and IFN-y:I1L-10 ratios was detected in subjects who did not mount an antibody
response. These results provide a model that could test the hypothesis that GzmB levels and
potentially IFN-y:1L-10 ratios correspond to influenza illness severity as a measure of
vaccine-mediated protection in older adults. Given that validated assays of GzmB and
cytokine were used in this study [15], these results could be reproduced across different
laboratories and further develop this assay as a method to stratify illness severity related to
influenza infection in different risk groups such as those with COPD or HF. It should also be
highlighted that the 20-hour time point for harvesting these PBMC cultures was selected for
the early peak of GzmB, IFN-y and IL-10 production, and may not represent the optimal
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time for measuring peak levels of the other cytokines that were included in the multiplex
assays.

In summary, we have identified different profiles of the immune response to infection with
influenza A/H3N2 causing illness in older adults. Changes in the levels of GzmB, IFN-y and
IL-10 as a result of influenza infection appear to be specific for the infecting influenza
subtype, and can distinguish those with influenza A/H3N2 confirmed illness from those
older adults who have ILI due to influenza B or other respiratory viruses. Validated ex vivo
assays of these cellular immune markers present new insights into the response to influenza
infection and opportunities to better understand the determinants of disease severity in older
adults with influenza.
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Figure 1.

A flow chart of the results of influenza surveillance is shown for the two study sites
(University of Connecticut Health Center [UCHC] and Vancouver). Laboratory
confirmation for influenza A/H3N2 cases (Flu A) and influenza B (Flu B) are shown
indicating the numbers of seroconverters (sero only), PCR-confirmed (swab only), or both,
for subjects reporting influenza-like illness (ILI) symptoms.
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Figure 2.

PBMC stimulated 20 hours with live influenza virus and granzyme B (GzmB) activity
measured in PBMC lysates stimulated with the A/H3N2 strain. Geometric mean GzmB
levels represent combined data for the two study sites are shown for the pre- (0 wks) and
post-vaccination (4- and 10-wks) time points in ILI subjects without laboratory confirmed
A/H3N2 (No A/H3N2, n=77) and subjects who subsequently developed influenza after the
10-week time point (Flu A/H3N2, n=13). Error bars represent standard error of the mean.
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Figure 3.

Serum antibody titers to the three vaccine strains and IFN-y and IL-10 levels in PBMC
stimulated with A/H3NZ2 virus pre- (0 wks) and post-vaccination (4-, 10- and 20-wks) are
shown for the Vancouver site. In subjects who developed influenza illness (between 10 and
20 weeks post-vaccination), subjects who were PCR+ only (PCR+, n=3) and those who
seroconverted + PCR+ (Sero, n=6) were compared to ILI subjects that did not develop
influenza A/H3N2 (n=54). (A) serum antibody titers to the three vaccine strains, and (B)
IFN-y and IL-10 levels, and the IFN-y:IL-10 ratio in A/H3N2-stimulated PBMC are shown.
Error bars represent standard error of the mean.
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Figure 4.

Cytokine levels in PBMC stimulated with A/H3N2 virus pre- (0 wks) and post-vaccination
(4-, 10- and 20-wks) are shown for the Vancouver site. In subjects who developed influenza
illness, subjects who were PCR+ only (PCR+, n=3) and those who seroconverted + PCR+
(Sero, n=6) were compared to subjects that did not develop influenza. Error bars represent
standard error of the mean.
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