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Ample evidence suggests that infection with cytomegalovirus (CMV) leads to accelerated aging of the
immune system and may contribute to poor responsiveness to influenza vaccination in older persons.
The objective of this study was to investigate whether CMV infection, acquired earlier in life, affects the
response to influenza vaccination in a randomized controlled trial among older persons in long-term care
facilities.

During the 1997-1998 influenza season, 731 residents (median age 83 [interquartile range 78-88],
75.4% female) in 14 long-term care facilities in the Netherlands were randomly assigned to receive 15
or 30 ng of inactivated influenza vaccine, followed by a 15 g booster vaccine or a placebo vaccine at
day 84. Blood samples were collected at day 0, day 25, day 84 and day 109. Seroresponses to influenza
vaccination were measured by hemagglutination-inhibition tests to the A/H3N2 strain at all time points.
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Aged Subsequently, baseline levels of IgG anti-CMV antibodies were measured using an automated chemilu-
Long-term care facility minescent microparticle immunoassay. Participants with CMV antibody level >6 AU/mL were considered
to harbor CMV infection.

At baseline, no differences in pre-vaccination geometric mean antibody titers (GMT) were observed
between participants with (n=571, 78.1%) or without CMV infection (n =160, 21.9%). During follow-up,
participants with and without CMV infection had similar responses to influenza vaccination as measured
with changes in GMT (linear mixed model, adjusted for gender, age, pre-vaccination GMT and vaccination
strategy, p = 0.46). Analogously, no association was found between CMV infection and a more than 4-fold
increase in antibody titer (Generalized Estimating Equations, adjusted OR 1.14 [95%CI 0.80;1.64]) or an
antibody titer >40 (adjusted OR 1.24 [95%CI 0.86;1.80]).

In conclusion, CMV infection did not explain poor responsiveness to influenza vaccination in residents
of long-term care facilities.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction but in general rises with advancing age from 60% in persons aged

40-49 to >90% in persons aged 80 and over [9-11]. Once infected

Aging is associated with an increased susceptibility to infec-
tions and a reduced response to vaccination [1-4]. The age-related
decline in the protective immune response can mostly be explained
by replacement of naive T cells by memory T cells and a decrease
in the diversity and function of the T cell population [3-5].

Accumulating evidence suggests that infection with
cytomegalovirus (CMV) contributes to the age-associated changes
in immunity [5-8]. CMV seroprevalence varies between countries
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with CMV, the immune system is not able to eliminate the virus [5],
resulting in latent CMV infection. Most infected persons remain
free of clinical symptoms because of efficient CMV immunosurveil-
lance [12]. The presence of CMV infection is considered to be the
driving force behind the oligoclonal expansions of T cells observed
in older persons [5,12,13].

Although this immunological imprint of CMV infection on
the T cell population is widely recognized, the clinical effect of
CMV infection in older persons is largely unknown. Interestingly,
Trzonkowski and colleagues observed higher concentrations of
anti-CMV antibodies in nursing home residents and staff that did
not show a serological response to influenza vaccination [14]. It
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may therefore be hypothesized that the response to influenza vac-
cination will be lower in older persons with CMV infection due
to a functional impairment of immune effector mechanisms. The
demonstration of such an effect would offer opportunities for opti-
mizing vaccination strategies by prior determination of the CMV
status in this population. Therefore, we investigated whether the
presence of CMV infection affects the response to influenza vacci-
nation in a large randomized controlled trial among older persons
in long-term care facilities in the Netherlands.

2. Material and methods
2.1. Study population and design

The current study is embedded in a randomized controlled
multicenter trial of influenza vaccination strategies in long-term
care facilities that was conducted in the Netherlands during the
1997-1998 influenza season. The trial has been described pre-
viously in detail [15,16]. In short, 2444 residents of 14 Dutch
long-term care facilities were invited by mail to participate.
Informed consent was obtained from 815 residents or their legal
representatives. The study was approved by the Medical Ethics
Committee of the Leiden University Medical Center. Participants
were randomly assigned to one of four treatment arms by strat-
ified block randomization using random number tables for each
long-term care facility. The four treatment arms were: (1) a 15 g
dose of vaccine on day 0 and a placebo vaccine on day 84, (2) a
15 g dose of vaccine on day 0 and a 15 pg dose of booster vaccine
on day 84, (3) a 30 g dose of vaccine on day 0 and a placebo vac-
cine on day 84, and (4) a 30 g dose of vaccineonday Oand a 15 g
dose of booster vaccine on day 84. The initial vaccine dose (15 or
30 wg) was given as one or two 0.5 mL intramuscular injections in
the same arm.

2.2. Vaccines

The trivalent split virus vaccine for the 1997-1998 influenza
season (Pasteur Mérieux, Connaught, France) contained an
amount of split virus equivalent to 15mg hemagglutinin of
A/Nanchang/933/95 (H3N2), A/Johannesburg/82/96 (H1IN1), and
B/Harbin/7/94. An identical lot number was used for all vaccina-
tions. The placebo vaccine existed of phosphate buffered saline
(PBS).

2.3. Laboratory measurements

Blood samples were collected at day 0, day 25, day 84 and day
109 and stored at —20°C. In 2007, pre- and post-vaccination titers
were measured. All tests were performed in triplicate. Because
influenza A/H3N2 was the predominant virus subtype since 1968
until 2009, we performed the hemagglutination inhibition (HAI)
test to the A/H3N2 strain. The assay conditions included using
turkey erythrocytes for agglutination, a filtrate of Vibrio cholerae
fimbriae as source of receptor destroying enzyme and four hemag-
glutinating units of the vaccine strain A/Nanchang/933/95 (H3N2),
which was propagated on Madine Darby canine kidney cells [17].

Pre-vaccination antibody titers and serological responses to vac-
cination are presented and analyzed in three ways: (1) geometric
mean antibody titers (GMT) with 95% confidence intervals, (2) HAI
antibody titer >4-fold compared to day 0, and (3) seroprotection
defined as HAI antibody titer >40 [18].

In 2009, IgG anti-CMV antibodies were measured using an auto-
mated chemiluminescent microparticle immunoassay (Architect,
Abbott Laboratories, Abbott Park, IL). Participants with a CMV anti-
body level >6 AU/mL were considered to harbor CMV infection.
Participants with CMV infection were further divided in a group

of participants with a CMV antibody level of 6.0-249.9 AU/mL and
a group of participants with a CMV antibody level >250 AU/mL.

2.4. Other clinical parameters at baseline

Demographic and medical data were collected at day O from
multidisciplinary patient files. The six-item list by Katz et al. was
used to assess disability in activities in daily living (ADL) [19].

2.5. Statistical analysis

Baseline differences in continuous data between participants
in the four treatment arms were tested with Jonkheere-Terpstra
tests. Differences in categorical data including CMV infection were
tested with Chi square tests. Differences in pre-vaccination GMT
were tested with One Way ANOVA. Differences between par-
ticipants with and without CMV infection were analyzed with
Mann-Whitney U tests for continuous data, Chi square tests for
categorical data and independent t-tests for differences in pre-
vaccination GMT.

Within each treatment arm, seroresponses to influenza vacci-
nation at day 25, day 84 and day 109 were compared between
participants with and without CMV infection. Differences in GMT
were tested with independent t-tests. Differences in the percent-
age of participants with an antibody titer >4-fold compared to day 0
and differences in seroprotection rate (percentage with an antibody
titer >40) were tested with Chi square tests.

The effect of CMV infection on GMT prior or after vaccina-
tion during follow-up was investigated with linear mixed model
analysis. Predicted means and 95% CI were adjusted for gender,
age, pre-vaccination GMT and vaccination strategy. A Generalized
Estimating Equations approach for binary data was used to inves-
tigate the effect of CMV infection on an antibody titer >4-fold
and to investigate the effect on seroprotection rate (antibody titer
>40). Again, these analyses were adjusted for gender, age, pre-
vaccination GMT and vaccination strategy.

Data were analyzed using SPSS 16.0 for Windows (SPSS Inc.,
Chicago, IL).

3. Results

The numbers of participants in each treatment group at each
time point during follow-up are presented in Fig. 1. At day 0, blood
samples were collected for 731 out of 815 participants that gave
informed consent. The median age of the total study population was
83 years (interquartile range [IQR] 78-88) and 75.4% of the popula-
tion was female. CMV infection (CMV antibody level >6.0 AU/mL)
was observed in 571 participants (78.1%). Table 1 shows the char-
acteristics of the study population for each of the four treatment
arms. There were no differences in socio-demographic character-
istics, clinical characteristics, ADL disability score, pre-vaccination
GMT and CMV infection between the groups.

Table 2 describes the characteristics of the study population
depending on the presence of CMV infection. Characteristics of par-
ticipants with CMV infection did not differ substantially from those
without CMV infection and vaccination strategies were equally dis-
tributed. There was no difference in pre-vaccination GMT between
both groups (p=0.32). Moreover, we observed no differences in
pre-vaccination GMT between those participants with CMV anti-
body levels <6 AU/mL (mean 23.1 [95% CI 18.2-29.2]), those with
CMV antibody levels between 6.0 and 249.9 AU/mL (mean 19.7
[95%C116.5-23.6]) and those with CMV antibody level >250 AU/mL
(mean 20.6 [95% CI 17.9-23.8], One-Way ANOVA, p =0.54). In addi-
tion, no difference in pre-vaccination GMT was found between
those participants with CMV antibody level >250 AU/mL and those
with CMV antibody level between 6.0 and 249.9 AU/mL (p=0.85).
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Fig. 1. Number of participants and CMV status during follow-up.

In Table 3 we compared seroresponses to influenza vaccina-
tion at day 25, day 84 and day 109 between participants with and
without CMV infection, separately within each treatment arm of
the study. We did not observe any differences in GMT between
participants with or without CMV infection at any time point.

In addition to analyzing GMT as the outcome variable, we also
analyzed seroresponse (antibody titer >4-fold compared to day 0)
and seroprotection rate (antibody titer >40) as outcomes within
each treatment group (Table 3). Except for those participants that
had received a dose of 30 wg and placebo booster at day 109, we
observed no statistically significant differences in seroresponse and
seroprotection rate between participants with or without CMV
infection at any time point during follow-up.

Finally, we performed additional analyses beyond the vari-
ous treatment strategies. We used linear mixed model analysis
to investigate the effect of CMV infection on GMT seroresponsive-

ness upon vaccination with influenza after adjustment for unequal
distributions of gender, age, pre-vaccination GMT and vaccination
strategy. No difference in GMT after vaccination during follow-up
was found between participants with and without CMV infection
(Fig. 2, p=0.46). Analogously, no association was found between
CMV infection and a more than 4-fold increase in antibody titer
from baseline (adjusted OR 1.14(95% C10.80;1.64,p=0.47), or when
an antibody titer >40 was taken as an endpoint (adjusted OR 1.24
(95% C10.86;1.80, p=0.25).

4. Discussion

In the present study, we have shown that CMV infection, defined
as a CMV antibody level >6.0 AU/mL, does not affect the response
to influenza vaccination in older individuals in long-term care facil-
ities. This lack of effect is independent of the dose, number of

Table 1
Socio-demographic, functional and clinical characteristics of the participants at baseline depending on vaccination strategy.
Vaccination strategy p-value
Dose 15 g+ placebo Dose 15 pg+15 g Dose 30 g + placebo Dose 30 pug+15 g
(n=176) booster (n=184) booster (n=182) booster (n=189)
Age (years) 83 (78-88) 83 (77-87) 83 (77-88) 84 (78-88) 0.86
Females 125(71.0%) 143(77.7%) 139(76.4%) 144(76.2%) 047
Length of stay (months) 22 (8-48) 22 (10-46) 23 (10-42) 20 (9-44) 0.63
Katz-score 8 (6-10) 8 (4-9) 8(5-9) 7 (4-9) 0.08
Number of medicaments 5(3-6) 4(3-6) 4(2-6) 4(3-6) 1.00
Diagnosis of dementia 122(69.3%) 126(68.5%) 122(67.0%) 126(66.7%) 0.94
Influenza status
Pre-vaccination GMT 22.7(18.1-28.4) 22.0(18.0-27.0) 18.4(15.2-22.4) 20.6 (17.1-24.8) 0.50
High pre-vaccination titer (>40) 70(39.8%) 72(39.1%) 66(36.3%) 75(39.7%) 0.89
CMV infection (>6 AU/mL) 136(77.3%) 142(77.2%) 143(78.6%) 150(79.4%) 0.95

Continuous data are presented as median with corresponding interquartile range. Differences were tested with Jonkheere Terpstra tests (p for trend). Pre-vaccination GMT
is presented as mean with corresponding 95% confidence interval. Differences were tested with One-Way ANOVA. Categorical data are presented as number (percentage).
Differences were tested with chi square tests.
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Table 2
Characteristics of the study population depending on the presence of CMV infection.

CMV infection p-value
Yes No
Level > 6 AU/mL (n=571) Level <6.0 AU/mL (n=160)
Age (years) 83 (78-88) 83 (77-87) 0.39
Females 439(76.9%) 112(70.0%) 0.07
Length of stay (months) 23 (10-45) 19(9-39) 0.10
Katz-score 8(5-9) 7 (4-9) 0.28
Number of medicaments 4(3-6) 4(2-6) 0.02
Diagnosis of dementia 389(68.1%) 107 (66.9%) 0.77
Influenza status
Pre-vaccination GMT 20.3 (18.1-22.6) 23.1(18.2-29.2) 0.32
High pre-vaccination titer (>40) 217(38.0%) 66(41.2%) 0.46
Vaccination strategy
Dose 15 g + placebo 136(23.8%) 40(25.0%)
Dose 15 g+ 15 g booster 142(24.9%) 42(26.2%) 0.95
Dose 30 g + placebo booster 143(25.0%) 39(24.4%)
Dose 30 g + 15 g booster 150(26.3%) 39(24.4%)

Continuous data are presented as median with corresponding interquartile range. Differences were tested with Mann-Whitney U tests. Pre-vaccination GMT is presented
as mean with corresponding 95% confidence interval. Differences were tested with independent t-tests. Categorical data are presented as number (percentage). Differences

were tested with chi square tests.

vaccinations, CMV antibody level and various parameters of comor-
bidity.

This lack of impact of CMV infection on the response to influenza
vaccination is unexpected. Influenza vaccination is clinically effec-
tive in 70-90% of younger adults, but in only 17-53% of older
persons [20]. Aging is associated with low numbers of CD8+ naive T
cells and increased numbers of memory cells [21]. CMV infection is
considered a major driver of oligoclonal expansions of CD8 T cells in
old age, and the CD57+ CD8 T cell pool in particular [5-7,12,13,22],
which is thought to represent a highly differentiated population
of late memory T cells [23-25]. Others have therefore postulated
that CMV infection is causally related to the age-associated dys-
function of the immune system [5,12,13], exemplified by a lower
number of circulating naive T cells, which would imply that the
decreased response to influenza vaccination in older persons could
be attributed to CMV infection [4].

The hypothesis that past and/or persistent CMV infection mod-
ulates responsiveness to influenza vaccination was supported by
a trial by Trzonkowski et al. in 154 nursing home residents
and staff who all received influenza vaccines containing anti-

100 7
90 7
80 7 m CMV positive (n=571)

70 1 % CMV negative (n=160)

507 { ................
40 7

309

Predicted mean (95% CI) GMT

20 |

10 p=0.46

25 84 109
Day
Fig. 2. Effect of CMV infection on GMT seroresponse to vaccination, adjusted for

gender, age, pre-vaccination GMT and vaccination strategy. Predicted mean and
95% CI, and p-value were obtained by linear mixed model analysis.

gens of influenza strains A/Beijing/262/95 (H1N1), A/Sydney/5/97
(H3N2) and B/Beijing/184/93 [14]. Strong reciprocal correlations
were observed between anti-CMV antibodies and titers of all
anti-hemagglutinins ranging from —0.41 for anti-H3 to —0.74 for
anti-H1. In addition, older participants who did not show a sero-
logical response to the influenza vaccine had higher concentrations
of anti-CMV antibodies compared to their counterparts who did
respond to the vaccine. The authors concluded from these obser-
vations that CMV infection may have had a negative impact on
the effectiveness of influenza vaccination. However, our results
are not in line with these earlier findings. Differences in study
design, participant selection and recruitment, and health status
of the participants may well have contributed to the discrepancy
between our study and the study by Trzonkowski et al. In the
latter, age and the presence of disease have likely affected the
response to influenza vaccination as CMV seroprevalence is high-
est in older subjects with comorbidity. Our data presented here are
free from confounding by age and disease as the randomized design
achieved similar pre-vaccination titers and CMV seroprevalence
between the groups. Another explanation may be that our analysis
was restricted to the serological response to the influenza strain
A/H3N2, because the study by Trzonkowski observed the weakest
correlation between CMV antibody level and the H3N2 titer [14].
This study has several strengths. First, we made use of a
large randomized controlled trial on influenza vaccination among
older persons in long-term care-facilities, allowing us to effi-
ciently investigate whether CMV infection affected the outcome
of influenza vaccination [16]. In addition, we used three ways to
assess seroresponsiveness to vaccination (GMT, HAI antibody titer
rise >4-fold compared to day 0, and HAI antibody titer >40) at
multiple time points during 3 months of follow-up, which enabled
us to thoroughly and extensively study the response to influenza
vaccination. As the current trial had sufficient power to show
improvements in protective seroresponses during the follow-up
period between the four treatment groups [16], we consider it likely
that it could also show an effect of CMV infection on protective
seroresponses. In the group of participants that had received a dose
of 30 wg and placebo booster, a single p-value below 0.05 was found
for the percentage of participants with an antibody titer >40 at day
109, but this may be considered a chance finding as this association
was not found in any other treatment group and the seroprotection
rate was higher in the CMV positive rather than in the CMV neg-
ative group, which is unexpected. Lastly, as a result of the design



Table 3

Seroresponses to influenza vaccination at day 25, 84 and 109 depending on dose and CMV infection.

Dose 15 pg + placebo p-value Dose 15 g+ 15 g booster p-value Dose 30 pg + placebo booster p-value  Dose 30 ug+15 g booster p-value
CMV infection CMV infection CMV infection CMV infection
Yes No Yes No Yes No Yes No
n 136 40 142 42 143 39 150 39
GMT
Day 25 56.7 (44.4-72.4) 74.3 (42.0-131.2) 0.33 52.5(40.4-68.3) 67.2 (40.5-111.6) 0.37 74.6 (58.9-94.4) 53.5(31.9-89.6) 0.21 71.3(56.7-89.6) 74.1(45.3-121.1) 0.88
Day84  47.2(37.2-60.0) 64.9(37.1-113.7) 0.4 42.5(32.8-55.1)  63.1(37.5-106.1)  0.16 53.2(42.2-67.0) 37.3(22.5-62.0) 0.17 57.4(452-73.0)  59.3 (37.0-94.9) 0.91
Day 109  47.1(36.8-60.5)  57.6(33.4-99.2) 0.46 52.5(40.9-67.3)  59.5(35.3-100.4)  0.64 52.2(40.9-66.6)  32.9(19.2-56.6)  0.09 66.6(52.4-84.6) 66.4(42.1-104.7)  0.99
>4-fold increase
Day25 53 (40.2%) 10 (26.3%) 0.12 40 (29.6%) 13 (31.0%) 0.87 66 (48.2%) 17 (43.6%) 0.61 63 (43.2%) 17 (44.7%) 0.86
Day 84 39 (32.0%) 6(17.1%) 0.09 36 (27.5%) 12 (32.4%) 0.56 53 (40.2%) 11 (29.7%) 0.25 48 (35.3%) 14 (40.0%) 0.61
Day 109 35 (29.4%) 7 (19.4%) 0.24 44 (33.8%) 14 (36.8%) 0.73 45 (36.9%) 11 (30.6%) 0.49 55 (42.3%) 16 (48.5%) 0.52
Titer > 40
Day 25 87 (65.9%) 26 (68.4%) 0.77 89 (65.9%) 28 (66.7%) 0.93 106 (77.4%) 25 (64.1%) 0.09 106 (72.6%) 27 (71.1%) 0.85
Day 84 77 (63.1%) 24 (68.6%) 0.55 73 (55.7%) 25 (67.6%) 0.20 89 (67.4%) 20 (54.1%) 0.13 96 (70.6%) 25 (71.4%) 0.92
Day 109 77 (64.7%) 22(61.1%) 0.69 80(61.5%) 24 (63.2%) 0.86 84 (68.9%) 18 (50.0%) 0.04 96 (73.8%) 25(75.8%) 0.82

GMT is presented as mean with corresponding 95% confidence interval. Differences were tested with independent t-tests. Categorical data are presented as number (percentage). Differences were tested with chi square tests.
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of the study, we were also able to assess any potential effect of
vaccination dose and booster vaccination.

A limitation of our study is that the analysis was limited to
the serological response to the single influenza strain A/H3N2.
The results can therefore not be generalized to other influenza
virus strains or other viruses. However, the serological response
to A/H3N2 has proven to be highly relevant for older persons, as
this strain has, since its appearance in 1968, most often been impli-
cated in influenza-related morbidity and mortality in older persons.
Another limitation of our study is that the main outcome of our
study was the humoral memory response to influenza vaccination.
Primary immune responses to neo-antigens or cellular immunity
were not studied and could therefore still be affected by CMV infec-
tion. In addition, our study population consisted of older persons
living in long-term care facilities. Although the clinical relevance
of influenza vaccination may be highest in this particular subgroup
of older persons, the results of our study may not be generalized
to older persons in the general population at large due to possible
differences in health and immune status.

Our study population consisted of older individuals living in
long-term care facilities with many comorbid conditions and
impaired immune response. Our study therefore provides an
excellent opportunity to investigate the effect of CMV status on
responsiveness to influenza vaccination. Although our results do
not exclude a role of CMV infection in the development of age-
related changes in the immune system in older persons in the
general population at large, the present data from a large random-
ized controlled trial do not suggest that CMV infection had any
negative effect on the immune response to influenza vaccination,
which is an important and clinically relevant trigger of the immune
system, in older persons in long-term care facilities. For that rea-
son, these findings also do not support a role for determining CMV
status in an effort to optimize individual vaccination strategies in
older persons in long-term care facilities. These findings warrant
further validation in other study populations.
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