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Abstract 
 
Background Implementation of additional targeted vaccinations to prevent infectious 
diseases in the older adults is under discussion in different countries. When considering 
the added value of such preventive measures, insight in the current disease burden will 
assist in prioritization. The aim of this study was derive the first estimates of the disease 
burden in adults aged 50 years or over in the Netherlands for influenza, pertussis, 
pneumococcal disease and herpes zoster. 
Methods The average annual disease burden for these four diseases in the Netherlands 
was calculated for the period 2010-2013 using the disability-adjusted life years (DALY) 
measure. Disease models and parameters were obtained from previous research. Where 
possible we adapted these models specifically for older adults and applied age-specific 
parameters derived from literature. The disease burden based on these adapted models 
and parameters was compared with the disease burden based on the general population 
models. 
Results The estimated average annual disease burden was from high to low: 
pneumococcal disease (37,223 DALYs/year), influenza (7941 DALYs/year), herpes 
zoster (942 DALYs/year), and pertussis (812 DALYs/year). The adaptation of models 
and parameters specifically for the elderly resulted in a higher disease burden compared 
to the use of general population models. 
Conclusions Among older adults, the disease burden in the period 2010-2013 was 
highest for pneumococcal disease, mostly because of high mortality, followed by 
influenza. Disease burden of herpes zoster and pertussis was relatively low and 
consisted mostly of years lived with disability. Better information on the course of 
infectious diseases and long-term consequences would enable more accurate estimation 
of disease burden in older adults. 
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Introduction 
 
Life expectancy in western countries has increased, resulting in a proportionally larger 
aged population which will continue to expand over the coming decades. This will result 
in high disease burden in aged persons and higher medical costs for society [1, 2]. 
Infectious diseases play an important role in the burden of disease in the frail aged [3, 4]. 
The natural deterioration of the immune system caused by ageing that is often called 
immunosenescence, results in an increased susceptibility for infectious diseases and a 
decreased ability of aged persons to mount an effective immune response to infections 
[5]. Immune modelling is relevant for vaccination response. Individual variation that 
exists in the ability to respond well after vaccination, i.e., some older adults might 
adequately respond , whereas others – sometimes at younger ages – might fail to mount 
a protective response [6]. Vaccine-induced immunity as well as naturally acquired 
immunity can wane over time, allowing for reactivation of viruses such as varicella 
zoster virus (VZV) [7]. In addition, comorbidity and general frailty, also lead to higher 
susceptibility of aged persons to many infectious diseases [3]. During infection the 
incidence of serious complications and mortality is often higher in the aged population 
than in the other age groups [3, 8, 9]. 

Vaccines for influenza, pertussis, pneumococcal disease and herpes zoster are 
available, but currently only influenza vaccination is routinely offered to people older 
than 60 years of age in the Netherlands. Implementation of additional targeted 
vaccinations in order to prevent infectious diseases in older persons is under discussion 
both in the Netherlands and elsewhere [10-12]. In case of pneumococcal vaccination it is 
relevant to consider the indirect impact on older adults as a result of routine childhood 
vaccination with conjugated pneumococcal vaccine (2006-2010: 7-valent pneumococcal 
vaccine; from 2011 onwards 10-valent pneumococcal vaccine [13]). Another option 
would be to improve secondary prevention, for example by accelerating the response of 
general practitioners on certain conditions (e.g., prescription of appropriate antibiotics 
against pneumococcal pneumonia). When considering the added value of preventive 
measures against infectious diseases, insight into the current burden of these diseases 
will assist in prioritization. With this objective in mind, the Burden of Communicable 
Diseases Europe (BCoDE) project developed methodology and software to calculate the 
burden of infectious diseases [14, 15]. This method was used to calculate the burden for 
32 infectious diseases in the general population in the Netherlands in the period 2007-
2011 [16]. In this study, however, no separate analysis of the disease burden in older 
adults was performed. Herpes zoster was not included in this study and for 
pneumococcal disease, only the burden of invasive disease was calculated. Estimation of 
disease burden in aged persons presents additional challenges due to a higher 
prevalence of multi-morbidity in this population. In the current study we compute 
disease burden using a consistent methodological approach, and in the interests of 
simplicity in model specification and interpretation, we do not address the potential 
complications of multi-morbidity. 
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Thus, the aim of the present study was to provide preliminary estimates of the 
disease burden in adults aged 50 years or over for influenza, pertussis, pneumococcal 
disease and herpes zoster, with the goal of making comparisons between the disease 
burden of these four vaccine-preventable diseases in the older adult population. Rather 
than emphasizing absolute estimates of disease burden, our study focusses on 
comparing the relative burden due to these diseases by using disease models and 
parameters that are similar in completeness. Furthermore, we investigated whether the 
use of age-specific parameters, as opposed to parameters based on the general 
population, gives rise to a difference in the estimated disease burden. 
 
Methods 
 
Study population and data sources 
 
The population for which disease burden was estimated consisted of all cases of incident 
infection (of each of the four diseases considered) estimated to have occurred within the 
period 2010-2013 in the Netherlands, restricted to persons aged 50 years or older. 

Data on the incidence of the various diseases were obtained from the NIVEL Primary 
Care Database [17, 18] of the Netherlands Institute for Health Services Research 
(NIVEL), which is based on GPs’ clinical diagnosis (herpes zoster, pneumonia) , the 
Dutch registration system for notifiable diseases (OSIRIS) with case definitions including 
a specific clinical definition as well as laboratory confirmation (pertussis), and the 
Netherlands Reference Laboratory for Bacterial Meningitis (NRBM), which includes 
laboratory data of S. pneumoniae isolates from blood and cerebrospinal fluid, i.e., 
invasive pneumococcal disease (Table 1). The incidence data for influenza, herpes zoster 
and non-invasive pneumonia (we assumed that 30% of all pneumonia is caused by S. 
pneumonia based on previous research [8, 19]) were obtained from the primary care 
setting, and the incidence data for invasive pneumococcal disease from the hospital 
setting. Incidence data for pertussis were obtained both from primary care and from the 
hospital setting. For influenza, the annual incidence of influenza-like illness (ILI) from 
sentinel GP data was used as a proxy, which was adjusted for the estimated proportion 
of ILI that is virologically confirmed influenza. 
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Table 1: Reported number of new cases in the years 2010-2013, multiplication factors (MFs) 
chosen to adjust for under-estimation, and the estimated annual number of symptomatic cases 
(averaged over the period 2010-2013 and adjusted for under-estimation), per disease 
 

Disease  Reported number of new cases* 
 

MF(s) chosen Estimated 
annual 

number  
of 

symptomatic 
cases 

  2010 2011 2012 2013 

Influenza All ages 18,868 93,225 50,349 158,44
1 

Uniform[4.12-5.13] (1) 371,061 

 ≥50 3645 19,166 14,949 57,560  110,213 
Pertussis All ages 3733 5450 13,853 3422 0-9 year: 21.9 (1) 162,309 
 ≥50 658 931 3008 938 ≥9 year: 25 (1) 34,593 
IPD All ages 2496 2472 2592 2152 Uniform[1.05-1.20] (1) 2760 
 ≥50 2000 2088 2092 1788  2249 
(N)IPD All ages 58,984 69,051 71,548 69,596 IPD: Uniform[1.05-1.20] 

(1) 
67,627 

** ≥50 35,268 38,759 43,328 45,581 NIPD: 1 40,917 
Herpes zoster All ages 79,986 81,973 85,917 84,829 0.9 (2) 74,858 
** ≥50 50,285 52,197 54,876 55,050  47,764 

IPD = invasive pneumococcal disease, NIPD = non-invasive pneumococcal disease, (N)IPD = (non-
)invasive pneumococcal disease or all pneumococcal disease 
* Data sources:  
- Netherlands Institute for Health Services Research (NIVEL): influenza, non-invasive pneumococcal 

disease (NIPD; we assumed that 30% of all pneumonia is caused by S. pneumoniae), and herpes zoster 
- Netherlands Reference Laboratory for Bacterial Meningitis (NRBM): invasive pneumococcal disease 

(IPD) 
- Dutch registration system for notifiable diseases (OSIRIS): pertussis  
** For NIPD and herpes zoster it concerned number of new episodes and not number of new cases 
(1) Bijkerk P, van Lier A, McDonald S, Kardamanidis K, Fanoy EB, Wallinga J, et al. State of infectious 

diseases in the Netherlands, 2013. Bilthoven: National Institute for Public Health and the Environment 
(RIVM); 2014 (RIVM report 150205001). http://www.rivm.nl/bibliotheek/rapporten/150205001.pdf. 

(2) Opstelten W, van Loon AM, Schuller M, van Wijck AJ, van Essen GA, Moons KG, et al. Clinical diagnosis 
of herpes zoster in family practice. Ann Fam Med. 2007;5(4):305-9. 

 

 
Burden of disease estimation 
 
The Disability Adjusted Life Year (DALY) was used as a composite measure to express 
the burden of disease. DALYs consist of years of life lost because of premature death 
(YLL=Years of Life Lost) and of years of life lost due to living in less than optimal health 
(YLD=Years Lived with Disability). 

To estimate the burden of disease for influenza, pertussis, pneumococcal disease, 
and herpes zoster in older adults, the methodology developed by the BCoDE project was 
applied [14, 15]. The primary input is the annual number of incident cases. The original 
disease models used in the previous Dutch study for the general population [16] (further 

http://www.rivm.nl/bibliotheek/rapporten/150205001.pdf
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referred to as the ‘general population model’ = GPM) were adapted to estimate the 
disease burden specifically for older adults, in our study defined as adults aged 50 years 
or older, and new disease models for pneumococcal disease (both non-invasive and 
invasive) and for herpes zoster were developed (further referred as the ‘older adult 
model’ = OAM).  

To determine which health outcomes and sequelae to include in each OAM disease 
model a literature search was conducted and experts were consulted, extending the 
process already carried out for the GPM study. Transition probabilities between the 
various health outcomes (including sequelae), multiplication factors to correct for 
under-ascertainment and under-reporting of the incidence, disability weights (ranging 
from 0=perfect health to 1=death), and the durations of the various health outcomes, 
when available specifically for the persons aged 50 years or older, were also obtained 
from the literature (Table S1-S4, supplementary materials). To calculate YLL we used 
the remaining life expectancy based on a standard life table (West Level 26) [20] (Table 
2).  

 
Table 2: Life expectancy in years by sex and age group 
 
Age Female Male 
0 82.43 79.94 
1-4 80.28 77.77 
5-9 75.47 72.89 
10-14 70.51 67.91 
15-19 65.55 62.93 
20-24 60.63 57.95 
25-29 55.72 52.99 
30-34 50.83 48.04 
35-39 45.96 43.10 
40-44 41.13 38.20 
45-49 36.36 33.38 
50-54 31.68 28.66 
55-59 27.10 24.07 
60-64 22.64 19.65 
65-69 18.32 15.54 
70-74 14.24 11.87 
75-79 10.59 8.81 
80-84 7.56 6.34 
85+ 4.25 3.54 

Source: World Health Organization (WHO). Global Burden of Disease. Health statistics and health 
information systems. National tools: standard life table. WHO; 2015 [07-09-2015]; Available from: 
http://www.who.int/healthinfo/global_burden_disease/tools_national/en/. 
 
  

http://www.who.int/healthinfo/global_burden_disease/tools_national/en/
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Disease specific models 
 
The principal differences in the outcome trees and parameter values between the OAM 
and GPM for each of the three diseases in common are described below. Further details 
are provided in the Supplementary Materials. 
 
Influenza 
The OAM for influenza was based on the GPM [21]. The most important changes that 
were made to the parameters compared with the GPM were a higher risk of pneumonia 
as a complication in people aged ≥65 years (1.10% vs 0.36% in the GPM), and a higher 
case fatality rate in this age group (0.85% vs 0.13%). 
 
Pertussis 
The OAM for pertussis was based on the GPM [21]. Notable changes to model parameters 
compared with the GPM were a higher risk of pneumonia in people aged ≥50 years (17% 
vs 5.2%), and a higher case fatality rate due to pneumonia in persons aged ≥60 years 
(10.3-11.0% vs 7.7%). 
 
Pneumococcal disease 
The GPM estimated the disease burden for invasive pneumococcal disease only [16]. We 
used this model [21] as a basis for the OAM estimation, but expanded it to include non-
invasive pneumococcal disease (consisting of the health outcomes non-invasive 
pneumonia and otitis media) (Figure S3, supplementary materials), as non-invasive 
pneumococcal disease is responsible for a large part of the total pneumococcal disease 
burden [22]. No long-term sequelae were included for non-invasive pneumococcal 
disease because information was scarce. 
 
Herpes zoster 
Herpes zoster was not included in the burden estimation of the GPM. Therefore, a new 
OAM was developed which included the health states uncomplicated herpes zoster, and 
complicated herpes zoster (meningitis, encephalitis, ocular disease and disseminated 
herpes zoster) (Figure S4, supplementary materials). Post herpetic neuralgia (PHN) was 
also included, as a long-term sequela following acute disease. 
 
Computation of disease burden 
 
The average annual burden of disease was calculated for the period 2010 through 2013. 
The disease burden was calculated in two different ways. First, the burden of disease for 
pertussis, influenza, invasive pneumococcal disease, all pneumococcal disease (including 
invasive and non-invasive pneumococcal disease) and herpes zoster, was calculated 
using our adapted OAM models with age-specific parameters. Secondly, the models from 
the GPM were used to calculate the burden of disease for pertussis, influenza and 
invasive pneumococcal disease for the population older than 50 years using the 
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incidence data for 2010 to 2013, to see whether the use of our age-specific parameters, 
as opposed to parameters based on the general population, gives rise to a difference in 
the estimated burden for these diseases. 

Calculation of the burden of disease was carried out using the toolkit (version 0.94) 
developed for the BCoDE project [14, 15, 23-25]. This software allows the user to supply 
either a point estimate or a distribution for each input value. Uncertainty intervals 
around the DALY estimation were obtained by Monte-Carlo sampling methods; 5000 
iterations were run for each disease. 
 
Results 
 
The disease burden as estimated using the OAM and GPM is shown in Figure 1 and 2. In 
Figure 2, the DALYs per year are shown on the horizontal axis and the DALYs per 100 
cases on the vertical axis. The size of the bubbles represents the amount of cases per 
year. Here the results of the OAM will be discussed and then compared to the disease 
burden as estimated using the GPM. 
 

 
 

Figure 1: Estimated annual burden in the period 2010-2013 for the four diseases comparing the 
two disease burden calculation methods (GPM / OAM), with the YLD and YLL components shown 
separately 
Note: black lines indicate 95% uncertainty intervals 
YLD = Years Lived with Disability, YLL = Years of Life Lost, DALY = Disability Adjusted Life Years  
GPM = general population model, OAM = older adult model, IPD = invasive pneumococcal 
disease, (N)IPD = (non-)invasive pneumococcal disease or all pneumococcal disease 
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Figure 2: Ranking of the four diseases by estimated burden at population level (DALYs/year) 
and individual level (DALYs per 100 cases) in the period 2010-2013, comparing the two disease 
burden calculation methods (GPM / OAM) 
Note: both axes are on logarithmic scale and the area of each bubble is proportional to the 
average number of estimated annual number of cases 
DALY = Disability Adjusted Life Years, OAM = older adult model (filled bubbles), GPM = general 
population model (open bubbles), Pert. = pertussis, HZ = herpes zoster, IPD = invasive 
pneumococcal disease, (N)IPD = (non-)invasive pneumococcal disease or all pneumococcal 
disease 
 
Older adult model (OAM) 
 
Based on the OAM (i.e., with age-specific parameters), pneumococcal disease clearly 
accounted for the highest burden (37,223 DALYs/year), which was more than six times 
the burden for invasive pneumococcal disease alone (Figure 1). Most of this disease 
burden consists of YLL. The disease burden for pneumococcal disease was highest in the 
65-74 years age group, because premature mortality at a younger age leads to higher 
YLL, compared with mortality in persons aged 75 years or older (Table 3). 

The disease burden for influenza (7941 DALYs) was slightly higher than that of 
invasive pneumococcal disease (6061 DALYs), even though influenza had a much higher 
incidence (Figure 1). The average burden per person for influenza is largest in the ≥85 
years age group, in which most of the mortality occurs (Table 3). 

For herpes zoster the disease burden was estimated at 942 DALYs/year, which 
consisted of a large part of YLD, mostly caused by PHN. Although the total DALYs was 
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highest in the 50-64 years age group, the burden per 100,000 population was highest for 
the ≥75 years age groups, for which PHN occurs more frequently. 

The disease burden of pertussis in older adults was the lowest (812 DALYs/year) 
mostly because of the low pertussis incidence in this age group (Table 1), but also 
because of a relatively low disease burden per case. The burden of pertussis decreased 
with age, also mostly because of an age-related decrease in incidence. 

 
Older adult model (OAM) compared to the general population model (GPM) 
 
The estimation of the disease burden of the GPM for invasive pneumococcal disease was 
somewhat lower than that of the OAM (5144 vs 6061 DALYs) (Table 4). This difference 
can be explained by a slightly higher mortality in the ≥65 years age group (10-20% vs 
22.8%) (Table S3, supplementary materials). For influenza the estimated burden of the 
GPM is less than one-third of that of the OAM. This is because the OAM specifies a case-
fatality rate of 0.85% for the ≥65 years age group, higher than the case-fatality rate of 
0.13% used in the GPM. The disease burden of pertussis calculated with the GPM was 
491 DALYs/year, which is also lower than the burden calculated by the OAM (812 
DALYs/year). For the OAM the risk of pneumonia is higher (17% vs 5.2% for ≥50 years), 
as well as the case fatality rate due to pneumonia (10.3-11% vs 7.7% for ≥60 years). 
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Table 3: Estimated annual disease burden per age group in the period 2010-2013 calculated 
using the older adult model (OAM): mean (with 95% uncertainty intervals) YLD/year, YLL/year, 
DALYs/year, DALYs/1000 cases, and DALYs per 100,000 population 
 

Disease Age 
group 

YLD/year YLL/year  DALYs/year DALYs/100
0 cases 

DALYs/100,00
0 population 

Influenza 50-64 740 
(700-779) 

1067 
(1003-1130) 

1806 
(1709-1902) 

27 
(27-28) 

53 
(51-56) 

65-74 247 
(231-262) 

1454 
(1365-1543) 

1701 
1596-1805) 

74 
(73-74) 

114 
(107-121) 

75-84 144 
(134-152) 

2407 
(2258-2556) 

2551 
(2393-2709) 

184 
(182-187) 

294 
(276-312) 

85+ 71 
(65-77) 

1815 
(1658-1971) 

1886 
(1723-2048) 

270 
(265-275) 

606 
(553-657) 

Pertussis 50-64 201  
(198-204) 

297 
(293-302) 

499 
(491-506) 

26 
(26-26) 

15 
(15-15) 

65-74 111 
(108-113) 

121 
(118-124) 

231 
(226-236) 

22 
(22-22) 

16 
(15-16) 

75-84 45  
(44-47) 

28  
(27-29) 

73  
(71-76) 

17  
(17-17) 

8 
(8-9) 

85+ 6 
(6-7) 

2 
(2-2) 

8 
(7-9) 

13 
(13-14) 

3 
(2-3) 

Invasive 
pneumococcal 
disease  
(IPD) 

50-64 130 
(126-134) 

2263 
(2192-2330) 

2393 
(2319-2464) 

3303 
(3288-3319) 

71 
(69-73) 

65-74 26 
(25-27) 

2342 
(2255-2429) 

2367 
(2279-2456) 

3410 
(3391-3430) 

159 
(153-165) 

75-84 12 
(12-13) 

1017 
(979-1055) 

1029 
(990-1068) 

1915 
(1902-1928) 

119 
(114-123) 

85+ 3.8 
(3.6-4.0) 

266 
(252-280) 

270 
(256-284) 

922 
(918-926) 

87 
(82-91) 

All 
pneumococcal 
disease 
((N)IPD) 

50-64 156 
(151-161) 

7019 
(5763-8290) 

7175 
(5921-8450) 

503 
(415-592) 

212 
(175-250) 

65-74 44 
(43-46) 

17,981 
(17,239-
18,716) 

18,026 
(17,282-
18,762) 

1709 
(1639-1779) 

1211 
(1161-1260) 

75-84 30 
(29-31) 

9249 
(8864-9633) 

9278 
(8894-9665) 

937 
(898-976) 

1069 
(1025-1113) 

85+ 15 
(14-16) 

2757 
(2596-2927) 

2772 
(2611-2942) 

448 
(422-475) 

890 
(838-945) 

Herpes zoster 50-64 176 
(164-189) 

180 
(180-180) 

356 
(345-370) 

18 
(17-18) 

11 
(10-11) 

65-74 141 
(129-154) 

75 
(75-75) 

216 
(204-229) 

17 
(16-18) 

15 
(14-15) 

75-84 227 
(202-255) 

36 
(36-36) 

263 
(237-291) 

26 
(23-28) 

30 
(27-33) 

85+ 101 
(85-120) 

5.2 
(5.2-5.2) 

106 
(90-125) 

23 
(20-27) 

50 
(42-58) 

IPD = invasive pneumococcal disease, (N)IPD = (non-)invasive pneumococcal disease or all pneumococcal 
disease 
YLD = Years Lived with Disability, YLL = Years of Life Lost, DALY = Disability Adjusted Life Years 
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Table 4: Disease burden comparing the general population model (GPM) and older adult model 
(OAM) in the period 2010-2013: mean (with 95% uncertainty intervals) YLD/year, YLL/year, 
DALYs/year, DALYs/1000 cases 
 

Disease Model YLD/year YLL/year  DALYs/year DALYs/1000 
cases 

Influenza GPM 1201 
(1158-1244) 

1144 
(1103-1184) 

2345 
(2261-2428) 

21 
(21-21) 

 OAM 1201 
(1160-1243) 

6740 
(6509-6974) 

7941 
(7669-8217) 

72 
(72-72) 

Pertussis GPM 363 
(360-367) 

128 
(126-129) 

491 
(486-496) 

14 
(14-14) 

 OAM 363 
(359-367) 

448 
(442-454) 

812 
(802-821) 

23 
(23-24) 

Invasive pneumococcal disease 
(IPD) 

GPM 84 
(82-86) 

5060 
(4638-5488) 

5144 
(4722-5572) 

2287 
(2105-2474) 

 OAM 172 
(168-176) 

5889 
(5770-6007) 

6061 
(5939-6184) 

2695 
(2675-2714) 

All pneumococcal disease 
((N)IPD) 

OAM 245 
(240-250) 

36,978 
(35,440-38,546) 

37,223 
(35,681-38,793) 

910 
(872-948) 

Herpes zoster OAM 646 
(610-684) 

296 
(296-296) 

942 
(906-980) 

20 
(19-21) 

(N)IPD = (non-)invasive pneumococcal disease 
YLD = Years Lived with Disability, YLL = Years of Life Lost, DALY = Disability Adjusted Life Years 
 
Discussion 
 
We computed first estimates of the disease burden of influenza, pneumococcal disease, 
herpes zoster and pertussis in the Netherlands using disease models and parameters 
specific to older adults. Within this population and among the diseases considered, the 
highest disease burden was estimated for pneumococcal disease, mostly because of high 
mortality, followed by influenza. In contrast, the disease burden of herpes zoster and 
pertussis was relatively low and consisted mostly of years lived with disability. Although 
age-specific parameters were only available to a limited extent, the disease burden 
calculated with the OAM for three diseases (influenza, pertussis, and invasive 
pneumococcal disease) was higher than that calculated with the GPM; this difference 
was most pronounced for influenza. Through incorporation of more fine-grained age-
specific parameters, the OAM arguably provided more precise burden estimates. 
 
Challenges of disease burden estimation for older adults 
 
One of the methodological challenges in disease burden estimation in older adults is 
dealing with comorbidity. Ignoring comorbidity can easily lead to an overestimation of 
the burden of disease [26]. Moreover, as multi-morbidity becomes more prevalent with 
older age, its effect on the estimated burden will be larger when looking specifically at 
this age-group [27]. For instance, evaluation of the effectiveness of preventive measures 
such as vaccination using a composite disease burden metric can be influenced by how 
competing causes of death are handled when computing YLL, and how comorbidities are 
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dealt with when calculating YLD [28, 29]. Haagsma et al. compared different methods of 
dealing with comorbidity when estimating burden of disease [26]. However, all of these 
methods require knowledge of the extent of comorbidity present, which is usually 
unavailable. Even if this information were available, it would still be unclear what would 
be the best way of correcting for comorbidity, as no consensus has thus far been 
reached. When interpreting our results, it should be kept in mind that co-morbidity has 
been ignored. 

Estimating the burden of infectious diseases in older persons is further complicated 
by the fact that some of the long-term consequences of disease, such as decrease in 
functional status, are difficult to describe in terms of specific diagnoses and causality. 
The GPM did not include any sequelae subsequent to pneumonia [21]. However, Jansen 
et al. found that 2.6% of people aged 65 years or older are admitted to a nursing home 
after pneumonia [30]. This might indicate an overall decrease in physical condition or 
self-dependency. High et al. reviewed the relation between infectious diseases and 
functional status in the aged, which showed that after suffering from an infectious 
disease, aged persons living in long-term care facilities have an increased chance of a 
long-term decrease in functional status [31]. Although it is difficult to incorporate such a 
decrease in disease burden estimation, neglecting it might lead to underestimation of 
the burden of infectious disease in aged persons. The general problem of dealing with 
disability and/or mortality that are not causally related to the infection itself, but that 
may not have occurred if the patient had not acquired the infection, is a considerable 
challenge for the burden of disease framework. The extent of this causally-unrelated 
morbidity/mortality is especially of relevance when estimating the burden of infectious 
diseases in the frail aged population. 

The difference in the influenza disease burden estimated by the OAM and GPM 
models can largely be explained by the difference in mortality. The national death 
registration of the Netherlands recorded between 24 and 262 deaths annually between 
2010 and 2013 of which influenza (ICD-10 code J10-J11) was listed as the underlying 
cause of death [32]. Our adapted model predicted 900 deaths annually in the ≥50 years 
age group. Statistical models based on excess mortality have also estimated a much 
higher number of influenza deaths than was reported in the national death registration 
[33, 34]. Van Asten et al. found between 803 and 3961 deaths per influenza season year 
between 1999 and 2007 in people aged ≥65 years in the Netherlands, suggesting a 
consistent underreporting of influenza mortality. One reason for this could be 
comorbidity such as heart failure or COPD, to which death due to influenza might be 
instead attributed. Dutch death registration allows for only one primary underlying 
cause of death, and one secondary cause of death. This may not do justice to the current 
complex reality of multi-morbidity in many aged persons. 
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Strengths and limitations 
 
A strong point of this study was the consistent use of identical methodology for the four 
diseases investigated, enabling valid comparisons between the diseases covered by the 
current study, and the same diseases covered by previous studies (but not restricting by 
age-group) such as the GPM. In this way the burden of various diseases in older adults 
could be compared, and it was also possible to explore the effects of applying age-
specific parameters. 

A limitation of this study was the unavailability of a number of age-specific 
parameters in the literature. Transmission probabilities and disability weights 
specifically for older age-groups often could not be found in the literature. It would be 
more appropriate to use age-specific parameters, as infectious diseases can lead to 
different symptoms and complications for different ages. Pertussis infection, for 
instance, leads to a higher risk of pneumonia in the aged compared with the general 
population [35, 36]. It is also difficult to find other parameters specifically relevant to 
older adults, such as the duration of a health outcome. In these cases we used 
parameters appropriate for the general population. If parameters for older adults were 
available in the literature, they were often based on broad age groups, such as people 
older than 60 years. In reality there is likely to be a considerable difference in the risk 
and duration of illness between a 60 year-old and a 90 year-old person. Because of 
limitations regarding parameter availability, we emphasize that comparisons of disease 
burden are most valid among the set of four diseases considered here; comparisons with 
diseases outwith this set should be made with caution. 

The remaining life expectancy we used was also grouped per five years. This led to 
less precise estimation, especially for the ≥75 years age group, where the incidence of 
influenza and pneumococcal disease increases strongly with age. In general, little 
research on the course of illness has been conducted specifically for aged persons. 

A further limitation concerns the estimation of incidence for the oldest age groups. 
For estimation of the incidence of influenza, herpes zoster and pneumonia, we used 
surveillance data from primary care. However, people who live in nursing homes do not 
go to a general practitioner and are therefore missed by this surveillance system. 
Surveillance of infectious diseases in nursing homes has been established recently, but 
these data have not been included in the current study [37]. Especially for the ≥80 years 
age group, this underrepresentation in primary care might have led to an 
underestimation of disease burden. However, even in the ≥80 years age group, 86% still 
live independently [38]. Finally, for non-invasive pneumococcal disease and herpes 
zoster, the incidence data concerned the number of registered episodes and not the 
number of cases. Because a small part of the patients have more than one registered 
episode in the same year, the disease burden might have been slightly overestimated. 
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Implications 
 
When considering policies to improve the health of the aged population, pneumococcal 
disease would be a good candidate for prioritisation, because of the relatively high 
burden of disease it causes. However, vaccine implementation should not be based 
solely on the burden of disease, but also depend strongly on other considerations 
including vaccine efficacy, herd effects, effects on other age groups such as infants, the 
willingness of older adults to be vaccinated, and financial aspects. Bonten et al. found a 
vaccine efficacy the for 13-valent conjugated pneumococcal vaccine of 31% (per-
protocol analysis) or 22% (modified intention-to-treat analysis) in preventing 
pneumococcal community-acquired pneumonia caused by any strain, although this 
might decrease in the near future because of herd effects of pneumococcal childhood 
vaccination [39]. For pneumococcal community-acquired pneumonia caused by vaccine 
strains, the vaccine efficacies amounted to 46% (per protocol analysis) and 38% 
(intention to treat analysis). The vaccine efficacies against invasive pneumococcal 
disease against any type and against vaccine types were 52% (per protocol analysis) and 
49% (intention to treat analysis) compared to 75% (per protocol analysis) and 76% 
(intention to treat analysis) Regarding the willingness of older adults to accept 
vaccination, interestingly, a recent Dutch study including the same vaccines showed the 
same prioritization found in this study based on disease burden, with the highest 
acceptance for pneumococcal vaccination and the lowest for pertussis vaccination [40]. 
It is striking that influenza, for which there is a consistent high vaccination coverage 
among people eligible for vaccination, including those aged ≥60 years, still causes the 
second highest disease burden. For herpes zoster, implementation of vaccination should 
focus on specific age groups, keeping in mind that the disease burden per 100,000 
population is highest in people over 75 years. Further analysis should be done to 
determine the cost-effectiveness of vaccination among the aged, and re-evaluate this 
over time. The dynamics of these infectious diseases will be affected both by ageing of 
the population [4, 41], as well as by also continual change of the public health situation 
due to factors such as migration and vaccination. Although it is difficult to predict how 
public health will change over the next decades, it seems inevitable that the burden of 
infectious disease will increase significantly in the absence of interventions. More 
insight into the future burden of infectious disease seems vital when discussing 
implementation of new vaccines or other interventions. 
 
Conclusion 
 
Pneumococcal disease caused the highest disease burden in older adults of the diseases 
included in this study over the period 2010-2013. Influenza also caused a considerable 
disease burden, but the burden of herpes zoster and pertussis was relatively low. Using 
parameters specifically for older adults does affect disease burden estimates and 
conceivably provides more accuracy. However, for many parameters no estimates 
specific older adults are available from the literature. Better information on the course 
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of infectious diseases and long-term consequences will lead to improvements in the 
accuracy of disease burden estimates in older adults and the aged. 
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