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ABSTRACT

Singaporeans are living longer and not having enough babies to replace themselves, with projected 20% of 
the population aged 65 years and above by 2030. These worrying trends can exert significant pressure on 
Singapore’s economy and society. Health-resource utilisations are increasing as our population ages, with increase 
in hospitalisations, emergency room visits and consumption of pharmaceutical drugs. Interventions such as 
vaccinations in older people are well-studied approaches to prevent infections and the related complications. The 
Advisory Committee on Immunization Practice (ACIP) by the US Centers for Disease Control and Prevention (CDC) 
recommends routine immunisation against influenza, tetanus, pneumococcal pneumonia as well as herpes zoster 
infections in all people aged 65 years and above. The administrations of other vaccines (meningococcal, hepatitis 
A and B, varicella and Haemophilus influenzae type b) are recommended only in older people with certain risk 
factors. Despite the benefits of vaccination in older people, the data in the West shows that the rate of vaccination 
in this age group remains lower than targets recommended by the World Health Organisation (WHO). The main 
barriers to vaccinations exist in the healthcare system, health care providers, patients and caregivers. Interventions 
are warranted to increase awareness among physicians, to engage the involvement of the pharmacist/nurse to 
provide standing orders and reduction in cost of vaccination; this potentially improves vaccination uptake to 
protect our increasing elderly population.
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INTRODUCTION
Improved living standards and current advance-
ments in healthcare system have increased life 
expectancy, leading to a rapidly aging population 
in developed countries. It is projected globally 
that the number of older adults (age 60 years old 
and above) would be more than double, from 
841 million people in 2013 to more than 2 billion 
by 20501. In Singapore, the national data showed 
that 11.2% of local population are 65 years old 
and above in 20142, with this figure expected to 
increase to 20% in 20303. 

In comparison to the younger population, older 
adults are more vulnerable to infectious diseases 
with a higher rate of morbidity and mortality4. As 
such, the aging population poses a major challenge 
to the public healthcare system with increased 

hospitalisations and length of stay. Studies have 
shown that vaccination is an effective alternative 
to protect older adults from preventable infections, 
hence the subsequent serious complications5,6.

AGEING AND IMMUNITY
Increasing age significantly decreases both 
innate and adaptive immune system’s responses 
to infection, and this phenomenon was termed 
“immunosenescence”. There are several proposed 
mechanisms involved in this gradual deterioration 
of the immune system which affect the ability 
to respond to infections and the development 
of long-term immune memory, especially by 
vaccination. The innate immune system provides 
the first-line barrier to protect human body from 
micro-organisms. The main components include 1) 
epithelial barrier; 2) phagocytic cells (neutrophils, 

http://en.wikipedia.org/wiki/Vaccination
http://crossmark.crossref.org/dialog/?doi=10.1177%2F201010581502400205&domain=pdf&date_stamp=2015-06-01
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macrophages, dendritic cells); 3) natural killer cells; 
and 4) circulating plasma proteins. The number and 
the function of these cells and proteins diminished 
with age, causing a decrease in inflammatory 
responses of the innate system7,8.

Alternatively, the adaptive immune system 
consisting of T-cells and B cells plays a major 
role in recognition and generation of a series of 
immunity responses to neutralise or eliminate the 
evading micro-organisms. Maturation of T cells 
happens in the thymus, which is located behind 
the sternum, and in front of the heart. One of the 
hallmarks of immunosenescence is the reduction 
in thymus gland size, with gradual replacement of 
its functional cortex and medulla by fat tissue7,9. 
As a result, production of mature naive T-cells and 
their number in the peripheral blood is significantly 
reduced. Similar to T-cell systems, the number of 
naive B-cells also decreases in older adults7,9. On 
the other hand, the number of memory T-cells 
and B-cells appears to be well preserved with 
aging10. These increased effector T-cells and B-cells 
number together with their age-related alterations 
in cytokines and antibodies production cause 
restriction in the diversity of the immune cell 
repertoire6. As a consequence, the effectiveness 
and diversity of the adaptive immune response are 
impaired, which lead to increased susceptibility to 
infectious diseases as well as decreased immune 
responses to vaccination in older adults7,10. This 
phenomenon has been demonstrated in a meta-
analysis by Goodwin et al., which showed that 
seroprotection against influenza virus strains was 
only 29%–46% in persons aged 75 years, compared 
with 41%–58% in persons 60–74 years of age11.

These changes in the immune system potentially 
affect successful vaccination in the older population. 
Therefore, optimisation of immunisation schedules 
and modes of administration, using new adjuvants 
and vaccines that specifically address the issues 
of immunosenescence phenomenon will help to 
improve protection in this vulnerable population.

VACCINE RECOMMENDATIONS FOR OLDER 
ADULTS
Since the establishment of the Advisory Committee 
on Immunization Practice (ACIP) by the US Centers 
for Disease Control and Prevention (CDC) in 1964, 
ACIP makes recommendations for adult vaccination 
program every two years12. In the last 15 years, a 
number of new vaccines have been introduced, 

including varicella, hepatitis A, pneumococcal, 
and human papillomavirus vaccines. The latest 
recommendations on adult vaccinations by the 
ACIP were published in October 201313,14. The 
ACIP recommends routine immunisation against 
influenza, tetanus, pneumococcal pneumonia as well 
as herpes zoster (HZ) infection in all adults above 65 
years of age. The administrations of other vaccines 
(meningococcal, hepatitis A and B, varicella and 
Haemophilus influenzae type b) are recommended 
only in older adults with high risk factors (Table 1). 
Currently, there is no specific vaccination guideline 
for adults in Singapore.

Influenza
Influenza is a disease caused by highly contagious 
influenza viruses: type A, type B or type C. Among 
these, influenza A viruses are the most pathogenic 
and accounted for more severe illnesses and 
complications. The Ministry of Health (MOH) in 
Singapore has a national surveillance program for 
influenza which monitors the attendance of upper 
respiratory tract infections (URTI) at government 
clinics. The months from April to July and November 
to January are the traditional “influenza seasons” 
with a distinct peak in reported cases. More than 
5,000 cases of acute respiratory infection are 
reported in polyclinics, hospitals and tertiary care 
centres across Singapore each year15.  Although 
influenza affects people of all ages, older adults (age 
65 and above) are at the highest risks of influenza–
related hospitalisations and deaths16,17.

Influenza vaccination has been shown to be clinically 
effective in reducing the rate of hospitalisations 
as well as influenza-related mortality in older 
population18–20. The ACIP recommends annual 
influenza vaccination starting from age 6 months 
and above. Older adults should receive inactivated 
formulation (not the live, intranasal influenza 
vaccine), either intramuscularly or subcutaneously 
(depending on the brands). The side effects are rare, 
mostly limited to local reactions at the injection sites 
which typically last for less than 48 hours.

Pneumococcal Pneumonia
Pneumococcal disease (PD), caused by the 
bacterium Streptococcus pneumoniae, is a 
leading cause of morbidity in children and adults 
worldwide21. The bacteria can attack different 
body systems, causing pneumonia, meningitis, 
bacteraemia or other life-threatening conditions. 
The incidence of invasive pneumococcal disease 
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(IPD) increases with age, with the highest mortality 
rate among older adults22. A study in USA reported 
an overall case-fatality rate of 7.4 deaths per 
100,000 patients aged 65–79 years old and 17.4 
deaths per 100,000 patients aged ≥80 years23.

In an analysis of 4,275 patient records with PD 
from 1995–2004 in Singapore, the mean annual 
hospitalisation rate from PD was 10.9 per 100,000 
population but considerably higher among the 
older adults (>75 years; 95/100,000).  The overall 
mortality rate was 3.2%; with meningitis mortality 
and pneumococcal pneumonia mortality rates 
were 23.3% and 2.9% respectively24.

There are currently two types of pneumococcal 
vaccines available: the pneumococcal poly-
saccharide vaccine (PPV) and the pneumococcal 
conjugate vaccines (PCV). A Cochrane review in 
2013, which included both RCT and non-RCT trials, 
supported the use of PPV for IPD in the elderly25. 
However, the meta-analysis did not provide the 
evidence to support the use of PPV to prevent all 
cause pneumonia or mortality. Vaccine efficacy 
was also poorer in adults with chronic illness.  A 
second study by Jackson et al. concluded that 
although vaccination with PPV seems to be 
effective against pneumococcal bacteraemia, 
there was no association between PPV vaccination 
and community acquired pneumonia of any cause 
(including non-invasive pneumococcal pneumonia) 
among older adults26. The study also found an 
unexplained increased risk of hospitalisation for 
community acquired pneumonia for vaccinated 
patients. Recently, CAPiTA (Community Acquired 
Pneumonia Immunization Trial in Adults), a 
randomised placebo controlled double-blind 
trial was conducted in the Netherlands from  
2008 to 2013 among approximately 85,000 
patients age 65 and older to study the efficacy of 
PCV13 (funded by Pfizer). It is the first trial to show 
efficacy of a vaccine against not only vaccine-
type IPD (75% efficacy, CI of 41.4–90.8%) but also 
vaccine-type non-bacteraemic pneumococcal 
disease (45% efficacy, CI of 14.2–65.3%) in the 
elderly population27. 

After the release of the CAPiTA result, the ACIP 
endorsed the routine use of both PCV13 and PPSV23 
in adults aged ≥65 years since August 201428. The 
two vaccines should not be co-administered, and 
the minimum acceptable interval between PCV13 
and PPSV23 is 8 weeks. The ACIP recommends that 

PCV13 should be given first, followed by PPSV23 
after 6–12 months. However, if PPSV23 has already 
been given, PCV13 should only be given after 
1 year.  While local adverse reactions including 
pain, redness and swelling at the injection site are 
common, systemic reactions are rare.

Herpes Zoster
Herpes zoster is caused by the reactivation 
of the varicella-zoster virus (VZV). The clinical 
manifestations include development of painful 
vesicular rash along one or two dermatomes. 
The infection is commonly complicated by post-
herpetic neuralgia (PNH), which is presented as 
persistent neuropathic pain along the affected 
dermatome. The incidence of HZ rises with age 
due to aging related weakening of T cell-mediated 
immunity, and the reported rate is around 10 cases 
per 1,000 U.S. populations annually among adults 
age 60 years and above29.

The Shingles Prevention Study (SPS) has illustrated 
that a highly potent live attenuated VZV vaccine 
could potentially reduce the overall incidence of 
HZ infection as well as PNH in adults age 60 years 
and above30. However, a follow-up study, Short 
Term Persistence Substudy (STPS) for Shingles 
Prevention Study indicated possible waning of 
protection against HZ overtime31. In the STPS as 
compared to the SPS, vaccine efficacy for HZ burden 
of illness decreased from 61.1% (95%CI: 51.1–69.1) 
in the years 0.0–4.9 to 50.1% (95%CI: 14.1–71.0) in 
the years 3.3–7.8, vaccine efficacy for the incidence 
of PHN decreased from 66.5% (95%CI: 47.5–79.2) 
in the years 0.0–4.9 to 60.1% (95%CI: −9.8 to 86.7) 
in the years 3.3–7.8, and vaccine efficacy for the 
incidence of HZ decreased from 51.3% (95%CI: 
44.2–57.6) in the years 0.0–4.9 t to 39.6% (95%CI: 
18.2–55.5) in the years 3.3–7.8. Nonetheless, the 
most recent cost benefit analysis in 2014 by ACIP 
revealed that targeted HZ vaccination by age group 
(age 70 instead of age 50) can result in an eight-fold 
savings in costs. The costs for each Quality Adjusted 
Life Year (QALY) saved by vaccination using the 
high dose live attenuated zoster vaccine for age 
group 60, 70 and 50 were US$37,000, US$86,000, 
and US$287,000 respectively32.

In conclusion, the ACIP recommends the use of 
vaccine against VZV (causing HZ) in all older adults 
≥60 years old, with or without any previous episode 
of HZ. It can be given subcutaneously and it is 
contraindicated in immunocompromised persons.
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Tetanus, Diptheria, Acellular Pertussis
Tetanus booster dose is recommended routinely 
every 10 years for older adults who have completed 
a primary series. Adults with an unknown or 
incomplete history of primary tetanus vaccination 
series should complete their primary vaccination 
series which includes a Tdap (tetanus, diptheria, 
acellular pertussis) dose. Tdap products for 
boostering adolescents were licenced in 2005 in 
Singapore. The ACIP also recommends adminis-
tering Td/Tdap-containing vaccine as prophylaxis 
in tetanus-prone wound management33.

BARRIERS TO VACCINATIONS IN OLDER 
ADULTS
Despite the encouraging evidence of vaccination 
in the older population, the rate of vaccination 
in this age group remains lower than targets 
recommended by the World Health Organisation 
(WHO). In the United States, the National Health 
Interview Survey in 2013 reported that only 66.2% 
of older adults were vaccinated against influenza 
during the 2012–2013 season34. The percentage 
for older adults who were vaccinated against 
pneumococcal pneumonia, tetanus and HZ were 
59.9%, 55.1% and 20% respectively35. Similar 
findings were also reported in another study in 
England36. However, there is a dearth of such data 
in Singapore. 

Studies were conducted to investigate the barriers 
of low vaccination rate in adults37–40. The three main 
barriers identified to vaccinations in older adults can 
be classified under barriers in system, health care 
provider and patient or caregiver (Table 2). Several 
factors were recognised to improve the uptake 
of vaccinations in older adults, which includes 
physician recommendation, previous history of 

the illness, self-reported bad health conditions, 
perception on the efficacy of vaccination and 
family influences41–43. A number of strategies have 
been shown to improve vaccination rate in older 
adults, which consists of: 

(1) Implementation of a reminder/recall system for 
patients and health care providers; 

(2) Reduction in vaccination costs; 

(3) Expansion of access to vaccinations in medical 
or public health settings; and 

(4) Implementation of standing orders (the use of 
a nurse-led or pharmacist-led immunisation 
program)44–47.

CONCLUSION
Vaccination is potentially the most cost-effective 
public healthcare measure, providing significant 
protection against infectious diseases and 
their complications for older adults with age-
related decline in their immune system. Further 
investigations are required to show reproducibility 
in efficacy of vaccines in older patients, as the viral 
load and local immunity may not be the same as that 
in published studies. There are also opportunities 
for more studies on vaccination efficacy in a 
subgroup of elderly that are above 80 years of 
age with frailty, multiple co-morbidities and that 
are not community-ambulant. Further research 
on the mechanisms of immunosenescence, 
the development of new adjuvants and other 
immunotherapy, coupled with initiatives to 
improve immunisation uptake in the elderly, will 
definitely help to achieve better protection for the 
increasing elderly population in Singapore.

Issues that affect vaccination uptake rate

Systems Factors affecting the supply and distribution of vaccines
Factors affecting the storage of vaccines
Funding and costs

Health care providers Lack of knowledge about diseases and vaccines
Failure to assume the responsibility for vaccination
Incomplete or  inaccessible documentation of previous vaccinations
Concern about the efficacy and side effects of vaccines

Patient and caregiver Lack of knowledge on diseases and vaccines
Concern about the efficacy and side effects of vaccines
Time consuming, especially vaccines that require booster dosage
Confusion on vaccination schedule

Table 2. Barriers to vaccinations in older adults. 
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