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Abstract

Background

Infectious disease burden estimates provided by a composite health measure give a bal-

anced view of the true impact of a disease on a population, allowing the relative impact of

diseases that differ in severity and mortality to be monitored over time. This article presents

the first national disease burden estimates for a comprehensive set of 32 infectious dis-

eases in the Netherlands.

Methods and Findings

The average annual disease burden was computed for the period 2007–2011 for selected

infectious diseases in the Netherlands using the disability-adjusted life years (DALY) mea-

sure. The pathogen- and incidence-based approach was adopted to quantify the burden

due to both morbidity and premature mortality associated with all short and long-term con-

sequences of infection. Natural history models, disease progression probabilities, disability

weights, and other parameters were adapted from previous research. Annual incidence

was obtained from statutory notification and other surveillance systems, which was cor-

rected for under-ascertainment and under-reporting. The highest average annual disease

burden was estimated for invasive pneumococcal disease (9444 DALYs/year; 95% uncer-

tainty interval [UI]: 8911–9961) and influenza (8670 DALYs/year; 95% UI: 8468–8874),

which represents 16% and 15% of the total burden of all 32 diseases, respectively. The

remaining 30 diseases ranked by number of DALYs/year from high to low were: HIV infec-

tion, legionellosis, toxoplasmosis, chlamydia, campylobacteriosis, pertussis, tuberculosis,

hepatitis C infection, Q fever, norovirus infection, salmonellosis, gonorrhoea, invasive

meningococcal disease, hepatitis B infection, invasive Haemophilus influenzae infection,

shigellosis, listeriosis, giardiasis, hepatitis A infection, infection with STEC O157, measles,

cryptosporidiosis, syphilis, rabies, variant Creutzfeldt-Jakob disease, tetanus, mumps,
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rubella, diphtheria, and poliomyelitis. The very low burden for the latter five diseases can be

attributed to the National Immunisation Programme. The average disease burden per indi-

vidual varied from 0.2 (95% UI: 0.1–0.4) DALYs per 100 infections for giardiasis, to 5081

and 3581 (95% UI: 3540–3611) DALYs per 100 infections for rabies and variant Creutz-

feldt-Jakob disease, respectively.

Conclusions

For guiding and supporting public health policy decisions regarding the prioritisation of inter-

ventions and preventive measures, estimates of disease burden and the comparison of bur-

den between diseases can be informative. Although the collection of disease-specific

parameters and estimation of incidence is a process subject to continuous improvement,

the current study established a baseline for assessing the impact of future public health

initiatives.

Introduction
Accurate estimates of the current and future disease burden of specific infectious diseases can
support national public health policy. Information regarding the ranked estimated disease bur-
den among a number of infectious diseases can guide priority setting within the field of infec-
tious disease prevention and control. Infectious diseases and their short- and long-term
consequences (i.e., complications and sequelae) are quite heterogeneous in terms of severity
and the risk of mortality. Infections with certain pathogens are common but with relatively
mild health consequences, whereas others may be associated with a high mortality rate, but
occur only rarely. Consequently, it is difficult to compare the burden of different diseases based
solely on incidence or mortality rates. Comparison of rates of disease burden within the inter-
national context can also be unduly challenging unless standardised methodologies and mea-
sures of burden are adopted [1].

To enable such comparisons, several composite health measures have been developed that
combine morbidity and mortality [2], such as the disability-adjusted life year (DALY) measure
developed for the Global Burden of Diseases, Injuries, and Risk Factors study (GBD) [3–5].
The idea behind the DALY approach is that the impact of a particular disease can be divided
into the number of years of life lost (i.e., premature mortality) and the number of years lived at
less than full health (i.e., morbidity). The result is a single measurement unit that quantifies the
years of healthy life lost due to a certain disease or infection. The DALY has since been widely
applied for estimating disease burden at national, regional, and global levels [5–9].

The current study constitutes the largest study, in terms of number of infectious diseases, in
Europe on the disease burden of infectious diseases that is derived using national data sources.
Methodological issues that we encountered in estimating the burden for the Netherlands could
be of relevance to other countries who intend to calculate their national infectious disease bur-
den. In our study, we compute national disease burden estimates expressed in DALYs for 32
infectious diseases in the Netherlands in the period 2007–2011, mainly using methodology and
software from the Burden of Communicable Diseases in Europe (BCoDE) project [2, 10].

Methods
The following diseases were included in this study a) sexually transmitted infections: chla-
mydia, gonorrhoea, hepatitis B infection, hepatitis C infection, HIV infection, and syphilis, b)
vaccine-preventable diseases: diphtheria, invasiveHaemophilus influenzae infection, invasive
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infections (STI) and STI surveillance in general
practice – NIVEL (see http://www.rivm.nl/
Onderwerpen/S/Surveillance_van_infectieziekten/
Seksueel_Overdraagbare_Aandoeningen_
Peilstation_SOAP and http://www.nivel.nl/en/dossier/
nivel-primary-care-database). • HIV infection: national
registration of patients at HIV treatment centres –
Dutch HIV monitoring foundation (see http://www.hiv-
monitoring.nl/english/). • Invasive Haemophilus
influenza disease and invasive pneumococcal
disease: Netherlands Reference Laboratory for
Bacterial Meningitis (NRBM) (see https://www.amc.nl/
web/Het-AMC/Afdelingen/Medische-afdelingen/
Medische-Microbiologie/Medische-Microbiologie/
Onderafdelingen/Het-Nederlands-
Referentielaboratorium-voor-Bacteriele-Meningitis.
htm). • Campylobacteriosis, cryptosporidiosis,
giardiasis, norovirus infection, salmonellosis,
toxoplasmosis: SENSOR study, sentinel laboratory
surveillance, and PIENTER study – RIVM (see www.
rivm.nl/cib). • Listeriosis: enhanced surveillance
(cooperation between NRBM and RIVM) (see https://
www.amc.nl/web/Het-AMC/Afdelingen/Medische-
afdelingen/Medische-Microbiologie/Medische-
Microbiologie/Onderafdelingen/Het-Nederlands-
Referentielaboratorium-voor-Bacteriele-Meningitis.
htm and www.rivm.nl/cib). • For other nine food-borne
diseases, the incidence data for 2009-2011 are
available from the following articles/reports: (2009)
http://www.sciencedirect.com/science/article/pii/
S0168160512001614; (2010) http://www.rivm.nl/
bibliotheek/rapporten/330331004.pdf; (2011) http://
www.rivm.nl/bibliotheek/rapporten/330331006.pdf. •
Influenza: Dutch Sentinel General Practice Network –
NIVEL (see http://www.nivel.nl/en/dossier/nivel-
primary-care-database). • Tuberculosis: Netherlands
Tuberculosis Register (NTR) – KNCV
Tuberculosefonds (see http://www.tbc-online.nl/eng/).
• All other diseases: notification data as registered in
OSIRIS – RIVM (see http://www.rivm.nl/
Onderwerpen/M/Meldingsplicht_infectieziekten).
Other data For multiplication factors, see S1
Appendix. For outcome trees, including the following
parameters for each health outcome: transition
probabilities, disability weights, disability durations
(see http://www.rivm.nl/bibliotheek/rapporten/
appendix150205001).
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meningococcal disease, invasive pneumococcal disease, measles, mumps, pertussis, poliomyeli-
tis, rabies, rubella, and tetanus, c) food-related diseases: campylobacteriosis, cryptosporidiosis,
giardiasis, hepatitis A infection, listeriosis, norovirus infection, salmonellosis, shigellosis, toxo-
plasmosis, variant Creutzfeldt-Jakob disease, and infection with STEC O157, d) respiratory dis-
eases: influenza, legionellosis, Q fever, and tuberculosis. This set of 32 diseases was selected
based on diseases included in the BCoDE project [10, 11]. We excluded tick-borne encephalitis
from the BCoDE list because it is not endemic in the Netherlands, and we added norovirus
infection as an additional pathogen that is known to cause considerable disease burden [12].

Computation of disability-adjusted life-years (DALY)
The DALY is the simple sum of two components: (1) premature mortality, quantified as the
number of years of life lost (Years of Life Lost = YLL), and (2) morbidity, the number of healthy
years lost due to that health outcome (Years Lived with Disability = YLD). The DALY for a
pathogen is therefore the sum of the YLL and YLD associated with all health outcomes that can
be attributed to the infection by that pathogen.

YLL is calculated as the number of deaths (estimated from the case-fatality rate and the
number of cases) multiplied by the remaining life expectancy at the age of death, summed over
all fatal health outcomes within the natural history of the disease, with respect to a reference
population and time period (normally describing an ideal, or maximum life expectancy) [9,
13]. YLD is calculated by multiplying per health outcome the number of incident cases for that
outcome by the disability weight—a measure of the severity of the health outcome/disabling
condition—and by the duration of the health outcome, summed over all health outcomes com-
prising the natural history for that disease, in a given population and time period. All parame-
ters for both YLL and YLD can be specified by age and/or sex.

Several fundamental methodological decisions are required for burden of disease estimation
[10]. We followed the BCoDE protocol and used the pathogen-based approach [9, 10], in
which the focus of burden calculation is on all health outcomes that can be causally attributed
to that specific pathogen. This approach gives justice to the potential long-term sequelae of
infectious diseases, and permits a better estimation of the (future) health benefits associated
with the prevention of infections.

We calculated disease burden based on incidence data [9, 10]. In this way, all new cases of a
particular disease are counted, and the burden associated with all (future) health outcomes is
included, which is assigned to the year of initial infection. Working with incidence data can
lead to a better understanding of the possible future health gains from prevention initiatives
that decrease the incidence of infection. However, the incidence approach does not take into
account the burden of disease among patients who have contracted a [chronic] infectious dis-
ease in the past, and still suffer from the health consequences (e.g., HIV, hepatitis B infection).
Also, it is more difficult to correct for comorbidities [8].

The incidence in the period 2007–2011 (see section 2.1.4) was mainly derived through statu-
tory notification data. For non-notifiable diseases, we located the best alternative data source
(s); for instance, laboratory surveillance and sentinel general practice/primary health care sur-
veillance systems.

We did not model treatment effects explicitly, although the effect of treatment is reflected in
the national history of a disease, i.e., severity, duration, and the risk of complications or dying
are all influenced by available treatment. However, when treatment options have recently
changed (such as for hepatitis C infection) available parameters no longer reflect the current
situation well. Such parameters will need to be updated when more information becomes
available.
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Under-estimation of incidence. It is important to establish whether data on new cases of
disease, used for disease burden estimation, adequately reflect the actual situation, or additional
adjustment for under-ascertainment and/or under-reporting is needed [11, 14]. Under-ascer-
tainment refers to the extent to which incidence is under-estimated because there are symp-
tomatic cases in the community who do not get in contact with health services, such as their
general practitioner. They may have no contact because they suffer from mild illness only and/
or symptoms are self-limiting. Under-reporting refers to those infected individuals who do con-
tact health services, but whose disease status is incorrectly diagnosed or classified, or fails to be
reported to the organisation responsible for surveillance.

Appropriate multiplication factors (MFs)–with uncertainty intervals if available–were
derived by disease surveillance specialists. For a number of pathogens, there was sufficient
information to specify age- and/or sex-dependent MFs. For others, a single MF–either a
point estimate or a range, depending on the information available–was applied for both sexes
and all age-groups. Multiplication factors were chosen to either adjust in one step (under-
estimation), or in two steps (under-reporting and under-ascertainment) (see S1 Appendix).
The multiplication factors were based either on published studies or from analyses of rele-
vant datasets, or on a combination of the two. Additionally, for invasive pneumococcal dis-
ease, campylobacteriosis, and salmonellosis, correction of the reported case numbers for the
coverage of the surveillance system needed to be applied because some systems do not cover
the whole Dutch population. In the case of HIV infection, we did not attempt to back-calcu-
late incidence from data on new HIV diagnoses in care that constitutes routine HIV surveil-
lance in the Netherlands; instead, burden was computed from annual new HIV diagnoses,
adjusted for reporting delay.

Life expectancy, disability weights and durations. The same life expectancy values were
adopted both for the calculation of YLL and for YLD (i.e., for long-term sequelae that persist
until death) and, as in earlier GBD studies, were derived from a standard life table (West Level
26) [3, 15].

The YLD for a given health outcome is weighted for the severity of illness using disability
weights. A disability weight can range from 0 (perfect health) to 1 (death) and is typically based
on the preferences of a panel (of patients, medical experts or lay people) that rates the relative
undesirability of hypothetical health outcomes. We adopted a set of disability weights compiled
from several sources; these weights were derived using a mix of Person-Trade-Off and more
novel techniques [16], similar to methods used by the original GBD [5] and other disease bur-
den assessments [17].

Disability durations for each health outcome, required for the calculation of YLD, were based
on literature review and/or expert opinion. For more details on the life expectancy, disability
weights and durations we used, see State of Infectious Diseases in the Netherlands, 2013 [18, 19]
and online appendix at http://www.rivm.nl/bibliotheek/rapporten/appendix150205001.pdf.

Outcome trees. The pathogen-based approach requires outcome trees for each pathogen,
which describe the various health outcomes (including sequelae and death) following infection
and how they are related within a disease’s natural history [9–11]. The health outcome ‘asymp-
tomatic infection’ does not contribute to the disease burden, but may lead to symptomatic
cases or sequelae later in life (e.g., hepatitis B infection). For several pathogens, it was necessary
to divide a single health outcome into multiple ‘health states’ because of differences in severity.
Pathogen outcome trees (including transition probabilities) developed as part of the BCoDE
project were adapted to better fit the Dutch context (see State of Infectious Diseases in the
Netherlands, 2013 [18, 19], and for the exact parameter values used, the online appendix avail-
able at http://www.rivm.nl/bibliotheek/rapporten/appendix150205001.pdf).
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For nine of the eleven diseases caused by possible food-related pathogens we used the out-
come trees and disease models developed by Havelaar et al. [12, 20]. The latter methodology is
designed specifically for estimating the burden of food-related pathogens in the Netherlands.
Given that not all cases caused by these pathogens are foodborne, and exposure may have
occurred through other transmission routes, we term these cases food-related for conciseness.

Other requirements for disease burden computation. Incidence data for most pathogens
were stratified by sex and by 5-year age-group (<1 years, 1–4 years, 5–9 years, . . ., 80–84 years,
85+ years). However, for most food-related diseases (other than shigellosis, listeriosis, toxoplas-
mosis, hepatitis A infection, and variant Creutzfeldt-Jakob disease), six different age-groups
were used:<1 years, 1–4 years, 5–11 years, 12–17 years, 18–64 years and 65+ years. For some
diseases (see Table 1), cases with unknown age and/or sex were imputed using the univariate
method, and for influenza only, for which the sex distribution of cases was unknown, the sex
distribution of the total population was assumed to apply.

The incidence of a given infectious disease may fluctuate greatly from year to year due to
infection attack rates that vary across seasons (e.g., influenza), or because of build-up of a pool
of susceptibles over years (e.g., measles in the Netherlands). As a result, the estimated disease
burden for a given year may not be representative of the ‘typical’ burden associated with the
pathogen. As a partial solution to this issue, we estimated the mean annual incidence over a
five-year period (2007–2011, the most recent five year period for which data was available) to
smooth temporal fluctuations. However, in the presence of an increasing or decreasing tempo-
ral trend, this may lead to under- or over-estimation, respectively, of the current number of
infectious and associated disease burden. For diseases exhibiting outbreak years (e.g., measles,
pertussis, rubella, influenza, and Q fever), we discuss the magnitude of the impact of an out-
break year on our estimates.

Finally, we chose not to implement age-weighting and discounting [3], in agreement with
GBD 2010 methods [21].

Software for burden estimation
We used version 0.94 of the BCoDE software toolkit [22] (which implements the incidence-
and pathogen-based approached to disease burden estimation) to estimate the burden for 23
diseases (i.e., excluding campylobacteriosis, cryptosporidiosis, giardiasis, hepatitis A infection,
listeriosis, norovirus infection, salmonellosis, toxoplasmosis, and infection with STEC O157,
for which the Monte Carlo simulations conducted by Havelaar et al. [12, 20] and implemented
in Analytica software were used). An updated version of the toolkit is available for download at
http://ecdc.europa.eu/en/healthtopics/burden_of_communicable_diseases/Pages/Tool.aspx.

For all diseases, but especially relevant for diseases with long-term sequelae, ageing of the
infected ‘cohort’ was taken into the account by summing the duration(s) spent in previous
health outcomes, so that the relevant age-group specific transition probabilities and/or case-
fatality rates would be applied correctly at all points in the disease natural history.

Uncertainty intervals around mean DALYs and other outputs were estimated using Monte-
Carlo sampling methods; 5000 iterations were run per disease model (7000 for each of the nine
diseases in Analytica). Specifically, for transition probabilities and multiplication factors speci-
fied as distributions (Uniform or PERT; the latter is a special case of the Beta distribution speci-
fied by three parameters: a minimum, most likely, and maximum value, with a fourth scale
parameter fixed at 4), the mean and 95% uncertainty interval were computed from the output
distribution. For the cases in which a constant multiplication factor was provided, uncertainty
was obtained using Bayesian methods that captures the intuition that there is greater uncer-
tainty associated with low compared with high counts. In this method, the annual number of
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Table 1. Total number of new cases in 2007–2011 in the Netherlands, multiplication factors (MFs) chosen to adjust for under-estimation, and the
estimated annual number of total infections and deaths (averaged over the period 2007–2011 and adjusted for under-estimation and the proportion
symptomatic), per disease.

Disease Total number of new cases MF(s) chosen (see S1 Appendix) Estimated mean
annual number

2007–2011

2007 2008 2009 2010 2011 Infections Deaths

Sexually-transmitted infections

Chlamydia (a) 35658 37053 35930 33882 35765 UR: 1.111 181481 0.002

Gonorrhoea * 1830 1969 2426 2815 3578 UE: 2.53 9195 0.03

Hepatitis B infection 227 219 208 197 159 UA: 1.33 1124 14

UR: Uniform(1.20,1.22)

Hepatitis C infection (e) 44 45 52 47 68 UE: Uniform(1, 5.12)*29/30 + Pert(0, 47, 464.4)*1/
30 (d)

1233 8

HIV infection (b) 1194 1246 1134 1093 855 UE: 1 1922 115

Syphilis * (c) 660 793 711 696 545 UE: 4.21 5761 0.4

Vaccine-preventable diseases

Diphtheria 0 0 0 0 0 - 0 0

Invasive H. influenzae
infection *

115 108 129 143 139 UE: Uniform(1.05,1.20) 143 11

Invasive meningococcal
disease *

186 159 157 137 99 UE: 1.05 155 16

Invasive pneumococcal
disease (f)

2648 2328 2408 2252 2496 UE: Uniform(1.05,1.20) 2729 410

Measles 10 109 15 15 50 UE: Uniform(11.11,14.93) 518 2

Mumps * n/a n/a 32 424 642 UA: 1.84 673 0.005

UR: 1

Pertussis * 7374 8745 6461 3733 5450 UE: 21.9 (0–9 yrs); 25.0 (>9 yrs) 155480 29

Poliomyelitis 0 0 0 0 0 - 0 0

Rabies 0 1 0 0 0 UE: 1 0.2 0.2

Rubella (j) 1 2 7 0 1 UE: Uniform(11.11,14.93) 29 0.002

Tetanus n/a n/a 1 1 6 UE: Uniform(1.0,1.41) 3 0.3

Food-related diseases

Campylobacteriosis (d,f) 6731 6431 7256 8294 8547 UE: 13 95420 39

Cryptosporidiosis (d,g) 184 184 184 184 184 [12, 20] 28100 2

Giardiasis (d,h) 2331 2142 1982 1821 1658 [12, 20] 78960 2

Hepatitis A infection (d) 168 183 176 262 125 UE: 5 894 3

Listeriosis (d) 66 52 79 77 88 UE: 1 72 5

- perinatal 6 1 3 4 9 5 1

- acquired 60 51 76 73 79 68 4

Norovirus infection (d) n.a. n.a. n.a. n.a. n.a. [12, 20] 655100 60

Salmonellosis (d,f) 1968 2576 1921 2291 2029 UE: 18 38820 40

Shigellosis (i) 389 438 411 522 577 UE: PERT(1.2,11.6,49.6) 7561 1

- Toxoplasmosis (d) n.a. n.a. n.a. n.a. n.a. [12, 20] 795 13

- congenital 371 13

- acquired 424 0

vCreutzfeldt-Jakob disease 0 0 1 0 0 UE: 1 0.2 0.2

Infection with STEC O157 (d) 83 45 57 51 65 UE: 35 2128 4

Respiratory diseases

Influenza ** 39028 73455 135170 18390 92887 UA: Uniform(4.12,5.13) 331995 432

(Continued)
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incident infections (no. cases x MF) was assumed to arise from a Poisson distribution. There-
fore, the Gamma distribution (the conjugate prior for the rate parameter of the Poisson distri-
bution), defined according to the annual incidence can be directly applied to represent
uncertainty in the incidence rate [20, 23].

Results
The total number of reported cases per year, the selected multiplication factors, and the esti-
mated mean annual incident cases and deaths over the period 2007–2011 for all 32 diseases are
provided in Table 1. Table 2 gives a comprehensive overview of the national disease burden
estimates for the Netherlands per pathogen in mean YLD/year, YLL/year, DALYs/year, and
DALYs per 100 infections with 95% uncertainty intervals. In the following sections, we present
the results grouped into four categories: sexually-transmitted infections (including hepatitis C
infection because nowadays the most frequent mode of transmission is among men who have

Table 1. (Continued)

Disease Total number of new cases MF(s) chosen (see S1 Appendix) Estimated mean
annual number

2007–2011

2007 2008 2009 2010 2011 Infections Deaths

UR: 1

Legionellosis 322 337 252 467 312 UA: 1 4407 176

UR: PERT(9.95,11.03,24.14)

Q fever 168 1000 2354 504 81 UE: PERT(0.75,1.575,3.25) (0–14 yrs); PERT
(2.4,5.04,10.4) (15+ yrs)

11271 18

Tuberculosis * 999 1013 1158 1068 1003 UA: 1 16295 60

UR: Uniform(1.08,1.16)

UE = under-estimation, UA = under-ascertainment, UR = under-reporting, n/a = not available for indicated years, n.a. = not applicable, because incidence

was based on seroprevalence and other studies rather than national reported figures.

Notes:

* Cases with unknown age and/or sex were imputed using the univariate method.

** Because the sex distribution of cases was unknown, we applied the sex distribution of the total population.

(a) The total number of cases at STI centres was only available for 2010, and so was assumed to apply to other years as well. Reported cases for 2007

are assumed to be the same as the number of cases averaged over 2008–2011, as the number of cases at sentinel general practitioners was unavailable

for 2007.

(b) Based on new HIV diagnoses in care. The estimated annual number of cases also reflects adjustment for reporting delay.

(c) Cases consist of both acquired and congenital syphilis.

(d) For these food-related diseases, a different estimation method was used, see Havelaar et al., 2012 [12, 20].

(e) MF is a weighted sum derived from the estimated incidences of HCV among HIV-positive and HIV-negative MSM, weighted for the proportion of

notified cases represented by the two respective groups. Note that the estimated annual incidence is quite uncertain (95% CI: 855–1662); this is due to

the wide MF distribution specified for HIV-negative MSM, itself attributable to the wide uncertainty range in the incidence rate estimated for this group. This

MF was only applied to males aged 20–69 years; for all other age groups and females, MF was set to 1.

(f) Corrected for coverage of the sentinel surveillance system: 25% coverage for invasive pneumococcal disease, 52% coverage for campylobacteriosis,

and 64% coverage for salmonellosis.

(g) Calculated from the reported incidence rate for 2007; a constant incidence from 2007 onwards was assumed.

(h) Calculated from a linear regression model fitted to the reported incidence rate between 2001–2007.

(i) Total notified cases for 2011 includes 161 cases that were not culture-confirmed and perhaps should have not been included; this was due to the

sudden popularity of PCR testing and culture-confirmation in 2011–12. Culture-confirmation has been legally required since 2013.

(j) Cases consist of acquired rubella only; no cases of congenital rubella syndrome were reported.

doi:10.1371/journal.pone.0153106.t001
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Table 2. Estimated annual disease burden in the period 2007–2011 for new cases of sexually-transmitted infections, vaccine-preventable dis-
eases, food-related diseases, and respiratory diseases: mean (with 95% uncertainty intervals) YLD/year, YLL/year, DALYs/year, and DALYs/100
infections.

Disease YLD/year YLL/year DALYs/year DALYs/100 infections

Sexually-transmitted infections

Chlamydia 3551 0.1 3551 2.0

(1470–7327) (0.1–0.2) (1470–7328) (0.8–4.0)

Gonorrhoea 1269 2.0 1271 14

(666–2320) (1.3–3.1) (668–2323) (7–25)

Hepatitis B infection 268 241 509 45

(267–270) (212–269) (480–538) (43–48)

Hepatitis C infection 2209 65 2274 184

(1536–3026) (45–95) (1600–3085) (130–250)

HIV infection 3811 3176 6987 363

(3461–4175) (2889–3476) (6374–7622) (332–396)

Syphilis 13 14 26 0.5

(9–17) (10–18) (20–35) (0.3–0.6)

Vaccine-preventable diseases

Diphtheria 0 0 0 n.a.

Invasive 103 337 439 308

H. influenzae infection (93–112) (316–358) (415–464) (292–325)

Invasive 77 988 1065 686

meningococcal disease (64–91) (823–1159) (889–1250) (638–733)

Invasive 148 9296 9444 346

pneumococcal disease (146–150) (8767–9811) (8911–9961) (327–365)

Measles 12 119 130 25

(11–13) (91–145) (103–157) (20–30)

Mumps 3.4 0.3 3.7 0.5

(3.1–3.6) (0.2–0.4) (3.4–4.0) (0.5–0.6)

Pertussis 1633 1602 3235 2.1

(1625–1641) (1593–1610) (3219–3251) (2.1–2.1)

Poliomyelitis 0 0 0 n.a.

Rabies 0.01 10 10 5081

(0.01–0.01) (10–10) (10–10) (5081–5081)

Rubella 0.04 0.10 0.14 0.5

(0.03–0.04) (0.08–0.12) (0.12–0.16) (0.4–0.5)

Tetanus 0.07 4.3 4.4 137

(0.07–0.08) (3.9–4.7) (4.0–4.8) (132–143)

Food-related diseases

Campylobacteriosis (a) 2780 534 3314 3.5

(864–6274) (333–809) (1286–6872) (2.4–7.4)

Cryptosporidiosis (a) 53 22 75 0.3

(30–83) (0.4–99) (38–155) (0.1–0.7)

Giardiasis (a) 121 29 150 0.2

(65–206) (0.7–117) (78–263) (0.1–0.4)

Hepatitis A infection (a) 53 95 148 17

(37–83) (57–158) (96–237) (13–21)

Listeriosis (a) 50 109 158 219

(29–73) (109–109) (137–182) (195–246)

(Continued)
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sex with men (MSM), and hepatitis B, although also vaccine-preventable), vaccine-preventable
diseases, food-related diseases, and respiratory diseases.

Sexually-transmitted infections
The greatest disease burden within this disease group was estimated for HIV infection (6987
DALYs/year, 95% UI: 6374–7622; largely driven by high mortality: 115 estimated deaths per
year and 3176 YLL/year, 95% UI: 2889–3476), followed by chlamydia (3551 DALYs/year; 95%
UI: 1470–7328), hepatitis C infection (2274 DALYs/year; 95% UI: 1600–3085), and gonorrhoea
(1271 DALYs/year; 95% UI: 668–2323) (Fig 1). Syphilis had a relatively low disease burden at
both the population (26 DALYs/year; 95% UI: 20–35) and the individual (0.5 DALYs/100
infections; 95% UI: 0.3–0.6) level. The other sexually-transmitted infections included had a rel-
atively high population-level disease burden, but for chlamydia and gonorrhoea the average
disease burden at the individual level was limited compared with HIV, hepatitis B and hepatitis
C infection (Fig 2).

Table 2. (Continued)

Disease YLD/year YLL/year DALYs/year DALYs/100 infections

- perinatal 33 81 114 2482

(17–51) (81–81) (98–132) (2128–2862)

- acquired 17 27 44 65

(12–22) (12–22) (39–50) (59–73)

Norovirus infection (a) 318 1329 1647 0.3

(209–470) (588–2461) (900–2783) (0.1–0.4)

Salmonellosis (a) 913 462 1375 3.5

(238–2456) (402–526) (671–2877) (2.3–10.9)

Shigellosis 163 33 196 2.6

(131–198) (26–40) (158–236) (2.5–2.7)

Toxoplasmosis (a) 2534 1059 3593 452

(1114–4725) (600–1825) (1715–6601) (383–583)

- congenital 1192 1059 2251 607

(485–2449) (681–1906) (1088–4322) (450–942)

- acquired 1342 0 1342 317

(630–2276) (627–2279) (317–317)

vCreutzfeldt-Jakob disease 0.2 7.0 7.2 3581

(0.1–0.3) (6.8–7.1) (7.1–7.2) (3540–3611)

Infection with STEC O157 (a) 23 115 138 6.5

(13–37) (67–212) (80–250) (1.5–65)

Respiratory diseases

Influenza 4090 4580 8670 2.6

(3993–4187) (4474–4687) (8468–8874) (2.6–2.6)

Legionellosis 391 3892 4283 97

(351–435) (3447–4389) (3819–4805) (90–105)

Q fever 1568 574 2143 19

(1386–1755) (508–642) (1897–2395) (17–21)

Tuberculosis 126 2615 2741 17

(121–130) (2117–3138) (2241–3264) (14–20)

(a) Burden estimated using the methods of Havelaar et al. [12, 20].

doi:10.1371/journal.pone.0153106.t002
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Vaccine-preventable diseases
For diphtheria and poliomyelitis, the estimated disease burden mounted to zero DALY because
there were no incident cases reported in this period. For mumps, rabies, rubella, and tetanus,
the disease burden was estimated to be very low (�10 DALYs/year). Among vaccine-prevent-
able diseases, the highest burden was estimated for invasive pneumococcal disease (9444
DALYs/year, 95% UI: 8911–9961; reflecting the large impact of mortality: 410 estimated deaths
per year and 9296 YLL/year, 95% UI: 8767–9811), followed by pertussis (3235 DALYs/year;
95% UI: 3219–3251), and invasive meningococcal disease (1065 DALYs/year; 95% UI: 889–
1250) (Fig 3). Differences in the age-distribution of disease burden were apparent; for instance,
the majority of the invasive meningococcal disease burden (55%) was carried by children youn-
ger than five years of age (see Figure H in S2 Appendix).

Of the four vaccine-preventable diseases with the lowest estimated disease burden at the
population level (rubella, mumps, rabies and tetanus), the average burden at the individual
level for the former two diseases was low in comparison to the latter two diseases (Fig 4). Note
that in this period there were no reported cases of congenital rubella syndrome (CRS), which
has a high individual level disease burden. Among the vaccine-preventable diseases with a high
estimated disease burden at the population level, the average individual-level disease burden
was also quite high (with the exception of pertussis).

Food-related diseases
The greatest disease burden at population level within this disease group was estimated for
toxoplasmosis (3593 DALYs/year; 95% UI: 1715–6601), campylobacteriosis (3314 DALYs/
year; 95% UI: 1286–6872), norovirus infection (1647 DALYs/year; 95% UI: 900–2783), and sal-
monellosis (1375 DALYs/year; 95% UI: 671–2877) (Fig 5). For most food-related diseases, the
YLL component was relatively small, and the average disease burden at the individual level was

Fig 1. Average annual disease burden in the Netherlands in 2007–2011 for new cases of sexually-transmitted infections. YLD and YLL components
are shown separately. Red lines indicate 95% uncertainty intervals.(DALY = Disability-Adjusted Life Year, YLD = Years Lived with Disability, YLL = Years of
Life Lost).

doi:10.1371/journal.pone.0153106.g001
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low (Fig 6). Among the diseases with a high average disease burden at the individual level (i.e.,
variant Creutzfeldt-Jakob disease, toxoplasmosis, and listeriosis), the disease burden at the
population level was comparatively limited (with the exception of toxoplasmosis).

Respiratory diseases
Among the respiratory diseases, the greatest disease burden was estimated for influenza (8670
DALYs/year; 95% UI: 8468–8874) and legionellosis (4283 DALYs/year; 95% UI: 3819–4805)
(Fig 7). This was due to high mortality for both diseases (432 estimated deaths (4580 YLL/year;
95% UI: 4474–4687) and 176 estimated deaths (3892 YLL/year; 95% UI: 3447–4389) per year,
respectively). For influenza, a large share of the total disease burden (23%) was borne by per-
sons aged 75 years or older, whereas for legionellosis 8% of the burden was carried by this age-
group (see Figure S and Figure T in S2 Appendix). For all respiratory diseases, the disease bur-
den at the population level was considerably larger than that at the individual level (Fig 8); the
average individual-level disease burden for influenza in particular was relatively small (2.6
DALYs/100 infections).

Fig 2. Ranking of sexually-transmitted infections by disease burden at population/individual level in the Netherlands in 2007–2011. The area of
each bubble is proportional to the average number of estimated annual cases. Both axes are on a logarithmic scale.(DALY = Disability-Adjusted Life Years,
population level = number of DALYs/year, individual level = number of DALYs/100 infections).

doi:10.1371/journal.pone.0153106.g002
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Discussion
This study represents the first estimation of the disease burden of a comprehensive set of 32
infectious diseases in the Netherlands using the pathogen- and incidence-based DALY
approach. For food-related diseases, there is a long history of disease burden estimation [12],
and a diverse selection of infectious diseases had been included in a previous comprehensive
Dutch burden of disease study that used a different methodology [24, 25]. We found the esti-
mated disease burden to vary greatly across a set of 32 pathogens possessing very different pat-
terns of incidence and associated health outcomes. At the population level, invasive
pneumococcal disease had the highest average annual burden, with an estimated 9444 DALYs/
year, followed by influenza, at 8670 DALYs/year. At the individual level, rabies and variant
Creutzfeldt-Jakob disease had the highest average disease burden, with 5081 and 3581 DALYs/
100 infections respectively. However, the latter two diseases, together with diphtheria and
poliomyelitis, occurred with a very low incidence. The current approach to disease burden esti-
mation may be useful for many other diseases (e.g., human papilloma virus infection, infection
withHelicobacter pylori, Lyme disease [26], psittacosis).

There are few previous studies that have published national or regional disease burden esti-
mates focussing on infectious diseases [27, 28]. Mostly, national burden of disease studies
include chronic diseases and injuries as well [29–37]. Most of these studies were conducted
outside of Europe, do not use a pathogen-based approach, include a limited number of infec-
tious diseases, and rely heavily on the GBD methodology and/or estimates of the World Health
Organization (WHO). Differences in methodology or summary measures reported can compli-
cate comparisons. For instance, the ambitious GBD 2010 project relies on complex statistical
modelling to derive national estimates [21] for a wide range of infectious and non-

Fig 3. Average annual disease burden in the Netherlands in 2007–2011 for new cases of vaccine-preventable diseases. YLD and YLL components
are shown separately. Red lines indicate 95% uncertainty intervals. (DALY = Disability-Adjusted Life Year, YLD = Years Lived with Disability, YLL = Years of
Life Lost, I. = invasive).

doi:10.1371/journal.pone.0153106.g003
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communicable diseases. Although the GBD 2010 methods are transparent and suitably docu-
mented, the mortality and burden estimates were derived using (publicly-available) statistical
tools that require an advanced level of modelling expertise, with the consequence that estimates
are not easily reproducible without use of these tools. In our framework, it is relatively straight-
forward to regularly update burden estimates (e.g., annually), to construct and explore the
impact of hypothetical scenarios such as the introduction of screening or improved vaccination
programmes, and to identify the deficiencies of and directions for improving or enhancing
existing surveillance systems.

Sexually-transmitted infections
For most sexually-transmitted infections, the estimated disease burden was relatively high,
which is attributable to either a severe natural history (e.g., HIV, hepatitis B, and hepatitis C
infection), or a high incidence (e.g., chlamydia and gonorrhoea). Because most of the diseases
in this group are not notifiable, estimating incidence was challenging. Furthermore, most sur-
veillance systems focus on specific high-risk groups visiting clinics for sexually-transmitted

Fig 4. Ranking of vaccine-preventable diseases by disease burden at population/individual level in the Netherlands in 2007–2011.Diphtheria and
poliomyelitis could not be included because there were no cases reported in this period. The area of each bubble is proportional to the average number of
estimated annual cases (50 cases were added to each bubble for visibility reasons). Both axes are on a logarithmic scale. (DALY = Disability-Adjusted Life
Years, population level = number of DALYs/year, individual level = number of DALYs/100 infections, I. = invasive).

doi:10.1371/journal.pone.0153106.g004
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infections. Therefore, estimating the degree of under-ascertainment for these diseases was also
very difficult.

The present estimates only reflect the disease burden of new cases that occurred in the
period 2007–2011. This means that, for diseases with chronic manifestations (e.g., hepatitis B,
hepatitis C, and HIV infection), our estimation method did not take into account chronic cases
infected prior to this period. The relatively low disease burden of hepatitis B infection in the
Netherlands is likely due to low endemicity and the vaccination of high-risk groups. This tar-
geted vaccination programme, started in 2002, has been shown to reduce the incidence of acute
hepatitis B infection, chiefly by preventing hepatitis B infections in MSM [38]. Additionally,
children at high risk (i.e., children with at least one parent born in a hepatitis B endemic coun-
try, and children whose mother tested positive for hepatitis B infection) have been vaccinated
against hepatitis B within the National Immunisation Programme (NIP) since 2003. Universal
hepatitis B vaccination was introduced to the Dutch NIP in 2011, i.e. much later than for other
vaccine preventable diseases; this is expected to affect future disease burden estimates. An
explanation for the relatively high YLL estimated for hepatitis B as compared with hepatitis C
infection is the difference in the age distributions of notified cases: hepatitis C cases (mainly
sexually transmitted cases among MSM) tend to be somewhat older and therefore have a lower
risk of progressing to severe sequelae before the end of their natural lifetime.

The disease burden of HIV infection was based on newly registered HIV cases only, and
using a natural history model that only partially reflects the impact of HAART; for instance,
the disability weights for health outcomes following HIV infection were mostly derived before
or shortly after introduction of HAART, and elicitation of up-to-date weights is required. So,
modifying the HIV disease model to better take into account effects of HAART is clearly desir-
able. For hepatitis C infection, treatment options have recently changed, or will change in the

Fig 5. Average annual disease burden in the Netherlands in 2007–2011 for new cases of food-related diseases. YLD and YLL components are shown
separately. Red lines indicate 95% uncertainty intervals. (DALY = Disability-Adjusted Life Year, YLD = Years Lived with Disability, YLL = Years of Life Lost).

doi:10.1371/journal.pone.0153106.g005
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near future, which will lead to improved prognosis and a subsequent reduction in disease bur-
den which will also require modified parameters.

The relatively high disease burden of chlamydia, mainly driven by infertility among women,
is striking. Chlamydia was the most frequently diagnosed bacterial sexually-transmitted infec-
tion in 2012, and the positivity rate has increased in recent years, especially in the younger age
groups [39]. Despite the high disease burden, the Chlamydia Screening Implementation (CSI),
a large scale trial offering annual screening to more than 300,000 young people in Amsterdam,
Rotterdam and South-Limburg showed that population based chlamydia screening in the
Netherlands is unlikely to be cost effective [40–42].

Vaccine-preventable diseases
The estimated disease burden for most of the vaccine-preventable diseases is relatively low, tes-
timony to the effectiveness of the NIP [43–45] which was begun in the 1950s and has achieved
a high coverage [46]. It is vital to maintain this attained level of coverage in the future to pre-
vent resurgence of those vaccine-preventable diseases that are currently under control. The
current disease burden estimates for vaccine-preventable diseases are consistent with the

Fig 6. Ranking of food-related diseases by disease burden at population/individual level in the Netherlands in 2007–2011. The area of each bubble is
proportional to the average number of estimated annual cases (200 cases were added to each bubble for visibility reasons). Both axes are on a logarithmic
scale. (DALY = Disability-Adjusted Life Years, population level = number of DALYs/year, individual level = number of DALYs/100 infections).

doi:10.1371/journal.pone.0153106.g006

Disease Burden of Infectious Diseases

PLOS ONE | DOI:10.1371/journal.pone.0153106 April 20, 2016 15 / 25



general observation that pertussis is not yet under control [47], and that current vaccines
against invasive bacterial disease (H. influenzae, meningococcal, and in particular pneumococ-
cal infection) only protect against certain serotypes.

For pertussis, 2012 (the year subsequent to our study period) was an epidemic year, and the
estimated disease burden in 2012 was more than twice as high (6842 DALYs and 63 deaths)
than the estimated mean annual disease burden in the period 2007–2011 (3235 DALYs/year
and 29 deaths). Although the number of officially reported pertussis deaths (2 in the period
2007–2011 [48]) might be under-estimated to some extent, especially among older people, an
annual average of 29 pertussis deaths during 2007–2011 and 63 deaths during 2012 is probably
unrealistic for the Dutch context. In comparison: in England 18 of 46 estimated pertussis
deaths were officially reported and 9 annual pertussis deaths were estimated in total [49].
Because the case fatality rates in the disease model are not stratified by age-group, it is likely
that the disease burden of pertussis is over-estimated.

Current vaccines do not cover allH. influenzae, meningococcal and pneumococcal sero-
types; however, our results illustrate the effectiveness of the NIP because the vaccine-prevent-
able serotypes are under control. Namely, in the period 2007–2011, only 30% of the disease
burden of invasive H. influenzae disease was caused by serotype b (Hib), only 4% of the disease
burden of invasive meningococcal disease was due to Men C (86% was caused by Men B, for
which vaccination is not included in the NIP), and 25% of the disease burden of invasive pneu-
mococcal disease was caused by a serotype covered by the 7-valent pneumococcal vaccine
(PCV7) that was used until 2011, before being replaced by PCV10. For invasive pneumococcal
disease, for which vaccination was introduced in the NIP in 2006, our national data indicated
that this proportion decreased from 40% in 2007 to 15% in 2011. However, although pneumo-
coccal conjugate vaccination decreased the occurrence of vaccine-type invasive pneumococcal
disease, non-vaccine type invasive pneumococcal disease increased due to serotype replace-
ment, thereby reducing the overall benefit of vaccination [50].

The actual disease burden for pneumococcal disease is even higher than presented, because
we computed the disease burden for the invasive form of pneumococcal disease only; the

Fig 7. Average annual disease burden in the Netherlands in 2007–2011 for new cases of respiratory diseases. YLD and YLL components are shown
separately. Red lines indicate 95% uncertainty intervals. (DALY = Disability-Adjusted Life Year, YLD = Years Lived with Disability, YLL = Years of Life Lost).

doi:10.1371/journal.pone.0153106.g007
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disease burden of otitis media and non-invasive pneumonia was not included. Non-invasive
forms ofH. influenzae infection were also excluded, meaning that comparison of the disease
burden with other diseases should take this restriction to invasive forms into account. Mortal-
ity, and thus disease burden, associated with invasive pneumococcal disease might have been
slightly over-estimated, because Dutch data indicates a mortality risk of 12% [50] which results
in 7582 DALY per year, whereas the mortality risk in the disease model was set to 10–20%.

The annual disease burden for vaccine-preventable diseases can fluctuate enormously due
to outbreaks that occur mainly among unvaccinated members of orthodox religious communi-
ties [51–54]. The estimated disease burden due to the measles epidemic in 2013 (9319 DALYs)
was 139 times higher than the mean annual disease burden in the inter-epidemic period 2001–
2012 (67 DALYs/year). The total estimated disease burden for the poliomyelitis outbreak in
1992/1993 was 442 DALYs (71 reported cases), whereas there were no cases and thus no dis-
ease burden in the period 2007–2011. The rubella outbreak in 2004/2005 had a total estimated
disease burden of 8449 DALYs (415 reported cases), compared with<1 DALY/year in the
period 2007–2011; 99.7% of this disease burden could be attributed to CRS. Prevention of CRS
was the principal motivation for introducing rubella vaccination. For mumps, the estimated
disease burden was quite low despite the relatively high number of reported cases in the period

Fig 8. Ranking of respiratory diseases by disease burden at population/individual level in the Netherlands in 2007–2011. The area of each bubble is
proportional to the average number of estimated annual cases. Both axes are on a logarithmic scale. (DALY = Disability-Adjusted Life Years, population
level = number of DALYs/year, individual level = number of DALYs/100 infections).

doi:10.1371/journal.pone.0153106.g008
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2007–2011. Even in the epidemic year 2011, the estimated disease burden for mumps remained
low (6 DALYs), due to the fact that the risk of severe disease and mortality is relatively low.

Food-related diseases
Of the food-related diseases, the highest average annual disease burden was estimated for toxo-
plasmosis, campylobacteriosis, norovirus infection, and salmonellosis (3593, 3314, 1647, and
1375 DALYs/year, respectively). The high population-level burden of the aforementioned four
diseases is mainly driven by the large number of persons infected (and relatively high severity
of toxoplasmosis). The disease burden estimates, although based on the average incidence over
a five-year period, are comparable to previously published estimates for the year 2009 only:
3620, 3250, 1480, and 1270 DALYs for toxoplasmosis, campylobacteriosis, norovirus infection,
and salmonellosis respectively [12]. The mean estimated individual-level burden for food-
related diseases other than variant Creutzfeldt-Jakob disease, toxoplasmosis, and listeriosis is
very low (�17 DALYs/100 infections).

In the disease burden estimation approach developed by Havelaar et al. [12] (which we
applied to all food-related diseases except variant Creutzfeldt-Jakob disease and shigellosis),
transition probabilities for the severity of health outcomes were integral to the burden calcula-
tion for several food-related diseases; for others, separate incidence estimates were made for
cases in the general population, cases visiting their general practitioner, and hospitalised
patients. The latter method makes use of available national cohort studies for a number of
health outcomes (incidence derived from population-wide studies, general practitioner visits,
hospital admissions), which are attributed to different pathogens through laboratory examina-
tion of faecal specimens. The two approaches–outcome trees with transition probabilities spec-
ified between health outcomes versus the direct use of incidence data for each health outcome–
are equivalent if the transition probabilities are derived from the same national data sources.

Respiratory diseases
The estimated disease burden for most of the respiratory diseases is relatively high, reflecting
simultaneously the large impact of mortality and the large number of incident cases (e.g., influ-
enza). As for many vaccine-preventable diseases, incidence and thus the disease burden of
influenza and Q fever can fluctuate enormously per year. The burden of Q fever in 2009 (peak
year of cases due to an outbreak that started in 2007 [55]) was estimated at 6162 DALYs com-
pared with 2143 DALYs/year in the period 2007–2011. The estimated disease burden of influ-
enza for 2009 (the year of the H1N1 pandemic) was almost twice as high (16,378 DALYs) as
the estimated average annual disease burden for the period 2007–2011 (8670 DALYs/year).
Note that the number of incident cases estimated for the 2009 calendar year includes both the
unusually high peak observed for the 2008/2009 influenza season and the early peak of the
2009/2010 H1N1 pandemic; as a consequence the annual average incidence of influenza in the
period 2007–2011 is unduly influenced by the incidence in 2009.

The estimated disease burden for legionellosis is considerable; this could be due to several
factors. Firstly, the large legionellosis burden may be attributable to over-estimated incidence,
due to the relatively high multiplication factor derived by relying on a German study on com-
munity-acquired and hospitalised pneumonia patients [56] to inform certain disease model
parameters. The proportion of legionellosis among pneumonia cases reported in the literature
can vary substantially [56–58], and because pneumonia occurs frequently in the population,
the proportion assumed can have a significant effect on the estimated incidence of legionellosis.
Furthermore, legionellosis often has a more severe course than other respiratory diseases [59]
(e.g., Q fever), and is therefore more likely to be notified.
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Second, the Dutch surveillance system is considered to be of high quality [60, 61]. The num-
ber of reported cases of legionellosis in the Netherlands is relatively high compared with other
countries [62], suggesting that under-reporting should be relatively low, partly because routine
use of the Legionella pneumophila urinary antigen test has become standard of care in patients
with severe community-acquired pneumonia in many Dutch hospitals [63].

Third, in the period 2007–2011, 40% of the reported legionellosis cases (range 32% in 2010 to
46% in 2007) were travel-related and thus were likely to have been acquired abroad and cannot be
prevented through the implementation of national control measures. The increase of legionellosis
in 2010, the year with the lowest proportion (32%) of travel-related legionellosis cases in 2007–
2011, may have been related to weather conditions (i.e., the unusually hot summer of 2010, which
was followed by extensive rainfall) or to other environmental factors [62, 64, 65]. This exceptional
year 2010 had a marked effect on the annual disease burden estimate; the burden in 2010 was
5863 DALYs compared with an average of 4283 DALYs/year for the total period 2007–2011.

There are several limitations to the estimated disease burden of tuberculosis, as specifying
the disease progression pathway is not straightforward. Firstly, migration patterns have consid-
erable influence on tuberculosis incidence. In recent years, the proportion of patients with
extra-pulmonary tuberculosis (which can differ in clinical severity from pulmonary tuberculo-
sis) has increased [66], and is notably higher than in other European countries [67]. This is due
to an increased number of imported cases among asylum seekers originating from Somalia
[66]. Such recent changes in clinical manifestations are not captured by the disability weights
used in the current tuberculosis disease model. Secondly, we note a risk of double counting of
active tuberculosis cases. The number of active tuberculosis cases that develop from latent
infection is determined by the disease model, by first back-calculating the total number of
infections from the number of reported cases. However, reported cases actually represent a
mixture of active tuberculosis cases following both primary and latent infection, and therefore
some active tuberculosis cases following latent infection may effectively be ‘counted twice’.
Finally, the transition probability by which patients progress to active tuberculosis following
primary infection (specified as the range 5–10%) is expected to be lower for the Netherlands
compared with other countries due to the practice of screening and preventive treatment of
latently infected tuberculosis contacts and of other high risk groups. Through preventive treat-
ment, the risk of developing active tuberculosis can be reduced by 60–90% [68].

Limitations
In addition to the general methodological issues in computing DALYs based on an EU harmo-
nised methodology for infectious diseases addressed above, there are a number of limitations
to the present study that should be considered when interpreting the findings. First, disease
model parameters were specified in collaboration with European experts to ensure the plausi-
bility of the estimated disease burden. This may have introduced bias, because diseases for
which preliminary disease burden calculations were high received more attention and pro-
voked more discussion regarding the correctness of model parameters compared with diseases
with a low estimated disease burden.

Second, most parameters (i.e., case-fatality rates, transition probabilities of progressing to
severe sequelae) were derived from studies among reported cases, and so applying the same
parameters also to non-reported cases may not always be correct. Although age-group and sex-
specific values for case-fatality rates and transition probabilities were specified if published or
otherwise available, for most diseases only age-independent values were located. This places a
significant limitation on burden computation when progression to a severe sequela or to death
is dependent on age, as already noted above for pertussis.
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Third, for almost all of the diseases investigated, adjustment for under-ascertainment/
reporting of notified cases was carried out via age- and sex-independent multiplication factors,
because there were insufficient data to specify stratified multiplication factors. As a conse-
quence, sex- and/or age-groups with relatively more notified severe cases may be over-repre-
sented, and groups with fewer notified severe cases may be under-represented [9]. Such bias
would have greater consequences for those diseases with long natural histories.

Fourth, co-morbidity with chronic disease or co-infection with other pathogens was not
considered. Various methods for adjusting disability weights to capture the severity of simulta-
neous health outcomes, and for cause-specific YLL attribution in the case of fatal comorbidity
have been explored, but have not yet reached a satisfactory level of development to permit
straightforward incorporation in the current methodology.

Variability in annual incidence over time was not incorporated, since we calculated the
mean incidence and burden over the period 2007–2011. Averaging incidence across years does
not affect the uncertainty regarding the number of incident cases–and hence the disease bur-
den–for an ‘average’ year; however, it does conceal potentially interesting variation, such as
outbreaks. For several diseases with periodic variation in incidence (e.g., measles, pertussis), we
have discussed the considerable differences in estimated disease burden between outbreak
years and other years.

Finally, the present national disease burden estimates were derived under the ‘steady-state’
assumption; i.e., both the transmission and pathogenicity of infections and the size and age-
structure of the susceptible population are considered static. Demographic change, due to pop-
ulation ageing and changing migration patterns, diminishing or increasing natural immunity
to certain infectious agents, and new interventions would be expected to influence the pro-
jected future disease burden of most, if not all, pathogens [69, 70]. Therefore, caution must be
taken when extrapolating the estimated disease burden to future years.

As a basis both for future extension and enhancement within the Dutch setting, and for
application to other countries, the present study–because of its transparency in methods and
data acquisition/adjustment–is eminently suitable. At the national level, our estimates can
serve as a ‘baseline’ snapshot of the infectious disease burden to population health; such a base-
line will be useful for evaluation of the impact of future public health initiatives. Future plans
include establishing the routine annual calculation of disease burden for the current set of
infectious diseases, improving the estimation of multiplication factors, investigation and visual-
isation of temporal trends, improvement of currently used outcome trees, and the incorpo-
ration of additional disease models into the existing set (e.g., human papilloma virus infection,
infection with Helicobacter pylori, Lyme disease, psittacosis).

Conclusions
The current results represent a first attempt to assess the disease burden of a comprehensive set
of infectious diseases in the Netherlands. Disease burden methodology provides a new perspec-
tive on infectious disease surveillance data; it avoids the devotion of excessive attention to rare
infections with dramatic outcomes and the neglect of common disorders. In general, the dis-
ease burden also reflects the balance between the threat posed by an infection and the effective-
ness of prevention against this infection. Our study highlighted the high disease burden
attributable to invasive pneumococcal disease and influenza, and the uneven apportioning of
burden for these diseases across age-groups. A low estimated burden for those diseases
included in the NIP stresses the need for the continued support of these strategies, whereas a
high disease burden for diseases covered by the NIP suggests that additional preventive mea-
sures may be needed. For prioritising interventions and preventive measures, estimates of
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trends in disease burden are undoubtedly informative and may reflect the overall impact of
control efforts. Together with other factors such as the availability of preventive strategies, soci-
etal costs, and public perception, disease burden estimates provide vital contributions to defin-
ing and supporting public health policy. The experience accumulated over the course of this
project in defining strategies for data compilation and adjustment (a process subject to contin-
ual improvement), the practicalities of disease model parameterisation and disease burden
computation, and interpretation of the findings can usefully serve to support other countries
when designing their own national disease burden estimation exercises [71].

Supporting Information
S1 Appendix. Derivation of multiplication factors.
(DOCX)

S2 Appendix. Sex and age-group specific disease burden estimates.
(DOCX)

Acknowledgments
The EPI-group consists of: Marianne van der Sande (lead author: marianne.van.der.sande@r-
ivm.nl), Paul Bijkerk, Birgit van Benthem, Susan Hahné, Wim van der Hoek, Wilfrid van Pelt,
Janneke Heijne, Ingrid van den Broek, Eline Op de Coul, Nicoline van der Maas, Petra Brand-
sema, Erika Slump, Mirjam Knol, and Ingrid Friesema; the affiliation for all members is: Centre
for Infectious Disease Control, National Institute for Public Health and the Environment
(RIVM), Bilthoven, The Netherlands. We would like to acknowledge the BCoDE consortium
members for developing the methodology and models to estimate the disease burden for each
of the diseases (in alphabetical order within institutions): University Medical Centre Utrecht,
Utrecht (UMCU), The Netherlands: John Brooke, Juanita Haagsma, Ardine de Wit; Bielefeld
University, Bielefeld, Germany: Alexander Krämer, Paulo Pinheiro, Dietrich Plaß; University
of Edinburgh, Edinburgh, United Kingdom: Eric Fèvre, Cheryl Gibbons; Catholic University of
the Sacred Heart, Rome, Italy: Elisabetta Franco, Silvia Longhi, Walter Ricciardi, Chiara de
Waure; UMIT—University for Health Sciences, Medical Informatics and Technology, Hall in
Tirol, Austria: Beate Jahn, Nikolai Mühlberger, Uwe Siebert; National Institute for Health
Development, Tallinn, Estonia: Taavi Lai, Ardo Matsi, Kristi Rüütel; European Centre for Dis-
ease Prevention and Control (ECDC), Stockholm, Sweden: Alessandro Cassini, Edoardo Col-
zani, Piotr Kramarz. Five of the authors were also members of the BCoDE consortium:
National Institute for Public Health and the Environment (RIVM), Bilthoven, The Nether-
lands: Arie Havelaar, Mirjam Kretzschmar, Alies van Lier, Scott McDonald; University Medical
Centre Utrecht, Utrecht (UMCU), The Netherlands: Marie-Josee Mangen. We thank Daniel
Lewandowski (NextPage Software) for the development of the BCoDE toolkit, the software
used to calculate the burden of disease for this manuscript. Finally, we thank Connie Erkens
(KNCV Tuberculosis Foundation), Corrien Swaan (RIVM), Jolande Land (UMC Groningen),
and Peter Achterberg (RIVM) who provided textual input or specific advice regarding parame-
ter choices.

Ethics statement
This study was carried out in accordance with the Dutch Act on protection of personal data.
Observational research with anonymised data does not fall within the remit of the Dutch Act
on research involving human subjects, and so does not require approval by an ethics review
board.

Disease Burden of Infectious Diseases

PLOS ONE | DOI:10.1371/journal.pone.0153106 April 20, 2016 21 / 25

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153106.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0153106.s002


Author Contributions
Conceived and designed the experiments: HdM JWMK. Analyzed the data: AvL SMMB.
Wrote the paper: AvL SMMB EPI group MK AHM-JM JWHdM. Advised on choices regard-
ing incidence data and disease specific parameters, and assisted in interpretation of the data:
EPI group M-JM. Developed methods for estimating the burden of food-related pathogens:
AH.

References
1. Gold MR, Muennig P. Measure-dependent variation in burden of disease estimates: implications for

policy. Med Care. 2002; 40(3):260–6. PMID: 11880798

2. Mangen MJJ, Plass D, Kretzschmar MEE. Estimating the current and future burden of communicable
diseases in the European Union and EEA/EFTA. Bilthoven: National Institute for Public Health and the
Environment (RIVM); 2014 (RIVM report 210474001).

3. Murray CJ. Quantifying the burden of disease: the technical basis for disability-adjusted life years. Bull
World Health Organ. 1994; 72(3):429–45. PMID: 8062401

4. Murray CJ, Lopez AD, Jamison DT. The global burden of disease in 1990: summary results, sensitivity
analysis and future directions. Bull World Health Organ. 1994; 72(3):495–509. PMID: 8062404

5. Murray CJL, Lopez AD. The Global Burden of Disease—a comprehensive assessment of mortality and
disability from diseases, injuries, and risk factors in 1990 and projected to 2020 (Global burden of dis-
ease and injuries series; I). Cambridge: Harvard School of Public Health on behalf of theWorld Health
Organization and theWorld Bank; 1996.

6. Mathers CD, Vos ET, Stevenson CE, Begg SJ. The burden of disease and injury in Australia. Bull
World Health Organ. 2001; 79(11):1076–84. PMID: 11731817

7. Lai T, Habicht J, Kiivet RA. Measuring burden of disease in Estonia to support public health policy. Eur
J Public Health. 2009; 19(5):541–7. doi: 10.1093/eurpub/ckp038 PMID: 19401358

8. Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al. Disability- adjusted life years
(DALYs) for 291 diseases and injuries in 21 regions, 1990–2010: a systematic analysis for the Global
Burden of Disease Study 2010. Lancet. 2012; 380(9859):2197–223. doi: 10.1016/S0140-6736(12)
61689-4 PMID: 23245608

9. Mangen MJ, Plass D, Havelaar AH, Gibbons CL, Cassini A, Muhlberger N, et al. The pathogen- and
incidence-based DALY approach: an appropriate methodology for estimating the burden of infectious
diseases. PLoS One. 2013; 8(11):e79740. doi: 10.1371/journal.pone.0079740 PMID: 24278167

10. Kretzschmar M, Mangen MJ, Pinheiro P, Jahn B, Fevre EM, Longhi S, et al. Newmethodology for esti-
mating the burden of infectious diseases in Europe. PLoS Med. 2012; 9(4):e1001205. doi: 10.1371/
journal.pmed.1001205 PMID: 22529750

11. European Centre for Disease Prevention and Control (ECDC). Methodology protocol for estimating bur-
den of communicable diseases. Stockholm: ECDC; 2010.

12. Havelaar AH, Haagsma JA, Mangen MJ, Kemmeren JM, Verhoef LP, Vijgen SM, et al. Disease burden
of foodborne pathogens in the Netherlands, 2009. Int J Food Microbiol. 2012; 156(3):231–8. doi: 10.
1016/j.ijfoodmicro.2012.03.029 PMID: 22541392

13. Devleesschauwer B, Havelaar AH, Maertens de Noordhout C, Haagsma JA, Praet N, Dorny P, et al.
Calculating disability-adjusted life years to quantify burden of disease. Int J Public Health. 2014; 59
(3):565–9. doi: 10.1007/s00038-014-0552-z PMID: 24752429

14. Gibbons CL, Mangen MJ, Plass D, Havelaar AH, Brooke RJ, Kramarz P, et al. Measuring underreport-
ing and under-ascertainment in infectious disease datasets: a comparison of methods. BMC Public
Health. 2014; 14(1):147.

15. World Health Organization (WHO). The global burden of disease: 2004 update. Geneva: WHO; 2008.

16. European Centre for Disease Prevention and Control (ECDC). Current and future Burden of Communi-
cable Diseases in the European Union and EEA/EFTA countries (BCoDE)—Update of the methodol-
ogy protocol. Stockholm: ECDC; 2011.

17. Melse JM, Kramers PGN. Berekening van de ziektelast in Nederland. Achtergronddocument bij VTV-
1997 (deel 3, hoofdstuk 7). [Calculations of the burden of disease in the Netherlands. Background
report for the Public Health Status and Forecast 1997 (report III, chapter 7)]. Bilthoven: National Institute
for Public Health and the Environment (RIVM); 1998 (RIVM report 431501028). Dutch.

18. van Lier A, McDonald S, Bouwknegt M, Bijkerk P, Havelaar A, Kretzschmar M, et al. Disease burden of
infectious disease in the Netherlands. In: Bijkerk P, van Lier A, McDonald S, Kardamanidis K, Fanoy

Disease Burden of Infectious Diseases

PLOS ONE | DOI:10.1371/journal.pone.0153106 April 20, 2016 22 / 25

http://www.ncbi.nlm.nih.gov/pubmed/11880798
http://www.ncbi.nlm.nih.gov/pubmed/8062401
http://www.ncbi.nlm.nih.gov/pubmed/8062404
http://www.ncbi.nlm.nih.gov/pubmed/11731817
http://dx.doi.org/10.1093/eurpub/ckp038
http://www.ncbi.nlm.nih.gov/pubmed/19401358
http://dx.doi.org/10.1016/S0140-6736(12)61689-4
http://dx.doi.org/10.1016/S0140-6736(12)61689-4
http://www.ncbi.nlm.nih.gov/pubmed/23245608
http://dx.doi.org/10.1371/journal.pone.0079740
http://www.ncbi.nlm.nih.gov/pubmed/24278167
http://dx.doi.org/10.1371/journal.pmed.1001205
http://dx.doi.org/10.1371/journal.pmed.1001205
http://www.ncbi.nlm.nih.gov/pubmed/22529750
http://dx.doi.org/10.1016/j.ijfoodmicro.2012.03.029
http://dx.doi.org/10.1016/j.ijfoodmicro.2012.03.029
http://www.ncbi.nlm.nih.gov/pubmed/22541392
http://dx.doi.org/10.1007/s00038-014-0552-z
http://www.ncbi.nlm.nih.gov/pubmed/24752429


EB, Wallinga J, et al., editors. State of infectious diseases in the Netherlands, 2013. Bilthoven: National
Institute for Public Health and the Environment (RIVM); 2014 (RIVM report 150205001). Available:
http://www.rivm.nl/bibliotheek/rapporten/150205001.pdf.

19. Bijkerk P, van Lier A, McDonald S, Wallinga J, de Melker HE. Appendix: State of infectious diseases in
the Netherlands, 2013. Bilthoven: National Institute for Public Health and the Environment (RIVM);
2014 (Appendix RIVM report 150205001). Available: http://www.rivm.nl/bibliotheek/rapporten/
appendix150205001.pdf.

20. Haagsma JA, van der Zanden BP, Tariq L, van Pelt W, van Duynhoven YTPH, Havelaar AH. Disease
burden and costs of selected foodborne pathogens in the Netherlands, 2006. Bilthoven: National Insti-
tute for Public Health and the Environment (RIVM); 2009 (RIVM report 330331001).

21. Murray CJ, Ezzati M, Flaxman AD, Lim S, Lozano R, Michaud C, et al. GBD 2010: design, definitions,
and metrics. Lancet. 2012; 380(9859):2063–6. doi: 10.1016/S0140-6736(12)61899-6 PMID: 23245602

22. Cassini A, Colzani E, Lewandowski D, Mangen M- JJ, McDonald S, Plass D, et al. Improving the usabil-
ity and communication of burden of disease methods and outputs: the experience of the Burden of
Communicable Diseases in Europe software toolkit. The Lancet. 2013; 381(Supplement 2):S27.

23. Vose D. Risk analysis: a quantitative guide. Chichester: JohnWiley & Sons; 2008.

24. Rahamat-Langendoen J, van Vliet H. Staat van Infectieziekten in Nederland, 2000–2005. [State of
Infectious Diseases in the Netherlands, 2000–2005]. Bilthoven: National Institute for Public Health and
the Environment (RIVM); 2006. (RIVM report 210211003). Dutch.

25. Gommer AM, Poos MJJC, Hoeymans N. Verloren levensjaren, ziekte en ziektelast voor 56 geselec-
teerde aandoeningen. [Life years lost, morbidity and disease burden for 56 selected disorders]. Biltho-
ven: National Institute for Public Health and the Environment (RIVM); 2010. Dutch [Access Date 28-05-
2014]; Available: http://www.nationaalkompas.nl/gezondheid-en-ziekte/sterfte-levensverwachting-en-
daly-s/ziektelast-in-daly-s/verloren-levensjaren-ziekte-en-ziektelast-voor-56- geselecteerde-
aandoeningen/.

26. van denWijngaard CC, Hofhuis A, Harms M, Haagsma J, Wong A, deWit A, et al. The Burden of Lyme
Borreliosis expressed in Disability-Adjusted Life Years. Eur J Public Health. Manuscript in press.

27. Kwong JC, Ratnasingham S, Campitelli MA, Daneman N, Deeks SL, Manuel DG, et al. The impact of
infection on population health: results of the Ontario burden of infectious diseases study. PLoS One.
2012; 7(9):e44103. doi: 10.1371/journal.pone.0044103 PMID: 22962601

28. Plass D, Mangen MJ, Kraemer A, Pinheiro P, Gilsdorf A, Krause G, et al. The disease burden of hepati-
tis B, influenza, measles and salmonellosis in Germany: first results of the burden of communicable dis-
eases in Europe study. Epidemiol Infect. 2014; 142(10):2024–35. doi: 10.1017/S0950268813003312
PMID: 24480146

29. Naghavi M, Abolhassani F, Pourmalek F, Lakeh M, Jafari N, Vaseghi S, et al. The burden of disease
and injury in Iran 2003. Popul Health Metr. 2009; 7:9. doi: 10.1186/1478-7954-7-9 PMID: 19527516

30. Australian Institute of Health andWelfare, Begg S, Vos T, Barker B, Stevenson C, Stanley L, et al. The
burden of disease and injury in Australia 2003. AIHW cat. no. PHE 82. Canberra: Australian Institute of
Health andWelfare; 2007.

31. Bradshaw D, Groenewald P, Laubscher R, Nannan N, Nojilana B, Norman R, et al. Initial burden of dis-
ease estimates for South Africa, 2000. S Afr Med J. 2003; 93(9):682–8. PMID: 14635557

32. Public Health Group. Victorian Burden of Disease Study. Mortality and morbidity in 2001. Melbourne
Victoria: Public Health Group, Rural and Regional Health and Aged Care Services Division. Victorian
Government Department of Human Services; 2005.

33. McKenna MT, Michaud CM, Murray CJ, Marks JS. Assessing the burden of disease in the United
States using disability-adjusted life years. Am J Prev Med. 2005; 28(5):415–23. PMID: 15894144

34. Jankovic S, Vlajinac H, Bjegovic V, Marinkovic J, Sipetic-Grujicic S, Markovic-Denic L, et al. The burden
of disease and injury in Serbia. Eur J Public Health. 2007; 17(1):80–5. PMID: 16751634

35. Mokdad AH, Jaber S, Aziz MI, AlBuhairan F, AlGhaithi A, AlHamad NM, et al. The state of health in the
Arab world, 1990–2010: an analysis of the burden of diseases, injuries, and risk factors. Lancet. 2014;
383(9914):309–20. doi: 10.1016/S0140-6736(13)62189-3 PMID: 24452042

36. Bundhamcharoen K, Odton P, Phulkerd S, Tangcharoensathien V. Burden of disease in Thailand:
changes in health gap between 1999 and 2004. BMC Public Health. 2011; 11:53. doi: 10.1186/1471-
2458-11-53 PMID: 21266087

37. Plass D, Vos T, Hornberg C, Scheidt-Nave C, Zeeb H, Krämer A. Trends in disease burden in Ger-
many: results, implications and limitations of the Global Burden of Disease study. Dtsch Arztebl Int.
2014; 111(38):629–38. doi: 10.3238/arztebl.2014.0629 PMID: 25316518

Disease Burden of Infectious Diseases

PLOS ONE | DOI:10.1371/journal.pone.0153106 April 20, 2016 23 / 25

http://www.rivm.nl/bibliotheek/rapporten/150205001.pdf
http://www.rivm.nl/bibliotheek/rapporten/appendix150205001.pdf
http://www.rivm.nl/bibliotheek/rapporten/appendix150205001.pdf
http://dx.doi.org/10.1016/S0140-6736(12)61899-6
http://www.ncbi.nlm.nih.gov/pubmed/23245602
http://www.nationaalkompas.nl/gezondheid-en-ziekte/sterfte-levensverwachting-en- daly-s/ziektelast-in-daly-s/verloren-levensjaren-ziekte-en-ziektelast-voor-56- geselecteerde-aandoeningen/
http://www.nationaalkompas.nl/gezondheid-en-ziekte/sterfte-levensverwachting-en- daly-s/ziektelast-in-daly-s/verloren-levensjaren-ziekte-en-ziektelast-voor-56- geselecteerde-aandoeningen/
http://www.nationaalkompas.nl/gezondheid-en-ziekte/sterfte-levensverwachting-en- daly-s/ziektelast-in-daly-s/verloren-levensjaren-ziekte-en-ziektelast-voor-56- geselecteerde-aandoeningen/
http://dx.doi.org/10.1371/journal.pone.0044103
http://www.ncbi.nlm.nih.gov/pubmed/22962601
http://dx.doi.org/10.1017/S0950268813003312
http://www.ncbi.nlm.nih.gov/pubmed/24480146
http://dx.doi.org/10.1186/1478-7954-7-9
http://www.ncbi.nlm.nih.gov/pubmed/19527516
http://www.ncbi.nlm.nih.gov/pubmed/14635557
http://www.ncbi.nlm.nih.gov/pubmed/15894144
http://www.ncbi.nlm.nih.gov/pubmed/16751634
http://dx.doi.org/10.1016/S0140-6736(13)62189-3
http://www.ncbi.nlm.nih.gov/pubmed/24452042
http://dx.doi.org/10.1186/1471-2458-11-53
http://dx.doi.org/10.1186/1471-2458-11-53
http://www.ncbi.nlm.nih.gov/pubmed/21266087
http://dx.doi.org/10.3238/arztebl.2014.0629
http://www.ncbi.nlm.nih.gov/pubmed/25316518


38. Hahné S, van Houdt R, Koedijk F, van Ballegooijen M, Cremer J, Bruisten S, et al. Selective hepatitis B
virus vaccination has reduced hepatitis B virus transmission in the Netherlands. PLoS One. 2013; 8(7):
e67866. doi: 10.1371/journal.pone.0067866 PMID: 23922651

39. Soetens LC, Koedijk FDH, van den Broek IVF, Vriend HJ, Op de Coul ELM, van Aar F, et al. Sexually
transmitted infections, including HIV, in the Netherlands in 2012. Bilthoven: National Institute for Public
Health and the Environment (RIVM); 2013. (RIVM report 150002003).

40. Evaluation teamRIVM. Chlamydia Screening Implementation Netherlands. Bilthoven: National Institute
for Public Health and the Environment (RIVM); 2010. (RIVM report 210261008).

41. Schmid BV, Over EA, van den Broek IV, Op de Coul EL, van Bergen JE, Fennema JS, et al. Effects of
population based screening for Chlamydia infections in the Netherlands limited by declining participa-
tion rates. PLoS One. 2013; 8(3):e58674. doi: 10.1371/journal.pone.0058674 PMID: 23527005

42. deWit GA, Over EA, Schmid BV, van Bergen JE, van den Broek IV, van der Sande MA, et al. Chla-
mydia screening is not cost-effective at low participation rates: evidence from a repeated register-
based implementation study in the Netherlands. Sex Transm Infect. 2015.

43. Abbink F, de Greeff SC, van den Hof S, de Melker HE. Het Rijksvaccinatieprogramma in Nederland:
het vóórkomen van de doelziekten (1997–2002). [The National Immunization Programme in the Neth-
erlands: the occurrence of targetdiseases (1997–2002)]. Bilthoven: National Institute for Public Health
and the Environment (RIVM); 2004 (RIVM-report 210021001). Dutch.

44. van den Hof S, Conyn-van Spaendonck MAE, de Melker HE, Geubbels ELPE, Suijkerbuijk AWM,
Talsma E, et al. The effects of vaccination, the incidence of the target diseases. Bilthoven: National
Institute for Public Health and the Environment (RIVM); 1998 (RIVM-report 213676008).

45. Kramer MA, de Greeff SC, Hahné SJM, de Melker HE. Morbiditeit en mortaliteit van ziekten uit het
Rijksvaccinatieprogramma, 1997–2006. [Morbidity and mortality of diseases in the National Immunisa-
tion Programme, 1997–2006]. InfectieziektenBulletin. 2008; 19(5):161–3. Dutch.

46. van Lier EA, Oomen PJ, Oostenbrug MW, Zwakhals SL, Drijfhout IH, de Hoogh PA, et al. Hoge vacci-
natiegraad van het Rijksvaccinatieprogramma in Nederland. [High vaccination coverage of the National
Immunization Programme in the Netherlands]. Ned Tijdschr Geneeskd. 2009; 153(20):950–7. Dutch.
PMID: 19490720

47. van der Maas NA, Mooi FR, de Greeff SC, Berbers GA, Spaendonck MA, de Melker HE. Pertussis in
the Netherlands, is the current vaccination strategy sufficient to reduce disease burden in young
infants? Vaccine. 2013; 31(41):4541–7. doi: 10.1016/j.vaccine.2013.07.060 PMID: 23933365

48. Statistics Netherlands (CBS). Deaths by main primary cause of death, sex and age. Voorburg: CBS;
2007–2011.

49. Crowcroft NS, Andrews N, Rooney C, Brisson M, Miller E. Deaths from pertussis are underestimated in
England. Arch Dis Child. 2002; 86(5):336–8. PMID: 11970924

50. van Deursen AM, van Mens SP, Sanders EA, Vlaminckx BJ, de Melker HE, Schouls LM, et al. Invasive
pneumococcal disease and 7-valent pneumococcal conjugate vaccine, the Netherlands. Emerg Infect
Dis. 2012; 18(11):1729–37. doi: 10.3201/eid1811.120329 PMID: 23092683

51. van den Hof S, Meffre CM, Conyn-van Spaendonck MA, Woonink F, de Melker HE, van Binnendijk RS.
Measles outbreak in a community with very low vaccine coverage, the Netherlands. Emerg Infect Dis.
2001; 7(3 Suppl):593–7. PMID: 11485681

52. Hahné S, Ward M, Abbink F, van Binnendijk R, Ruijs H, van Steenbergen J, et al. Large ongoing rubella
outbreak in religious community in the Netherlands since September 2004. Euro Surveill. 2005; 10(3):
E050303 2.

53. Karagiannis I, van Lier A, van Binnendijk R, Ruijs H, Ruijs H, Fanoy E, et al. Mumps in a community
with low vaccination coverage in the Netherlands. Euro Surveill. 2008; 13(24).

54. Knol M, Urbanus A, Swart E, Mollema L, Ruijs W, van Binnendijk R, et al. Large ongoing measles out-
break in a religious community in the Netherlands since May 2013. Euro Surveill. 2013; 18(36):pii =
20580. PMID: 24079377

55. van der HoekW, Hogema BM, Dijkstra F, Rietveld A, Wijkmans CJ, Schneeberger PM, et al. Relation
between Q fever notifications and Coxiella burnetii infections during the 2009 outbreak in The Nether-
lands. Euro Surveill. 2012; 17(3):20058. PMID: 22297100

56. von Baum H, Ewig S, Marre R, Suttorp N, Gonschior S, Welte T, et al. Community-acquired Legionella
pneumonia: new insights from the German competence network for community acquired pneumonia.
Clin Infect Dis. 2008; 46(9):1356–64. doi: 10.1086/586741 PMID: 18419436

57. Schneeberger PM, Dorigo-Zetsma JW, van der Zee A, van Bon M, van Opstal JL. Diagnosis of atypical
pathogens in patients hospitalized with community-acquired respiratory infection. Scand J Infect Dis.
2004; 36(4):269–73. PMID: 15198183

Disease Burden of Infectious Diseases

PLOS ONE | DOI:10.1371/journal.pone.0153106 April 20, 2016 24 / 25

http://dx.doi.org/10.1371/journal.pone.0067866
http://www.ncbi.nlm.nih.gov/pubmed/23922651
http://dx.doi.org/10.1371/journal.pone.0058674
http://www.ncbi.nlm.nih.gov/pubmed/23527005
http://www.ncbi.nlm.nih.gov/pubmed/19490720
http://dx.doi.org/10.1016/j.vaccine.2013.07.060
http://www.ncbi.nlm.nih.gov/pubmed/23933365
http://www.ncbi.nlm.nih.gov/pubmed/11970924
http://dx.doi.org/10.3201/eid1811.120329
http://www.ncbi.nlm.nih.gov/pubmed/23092683
http://www.ncbi.nlm.nih.gov/pubmed/11485681
http://www.ncbi.nlm.nih.gov/pubmed/24079377
http://www.ncbi.nlm.nih.gov/pubmed/22297100
http://dx.doi.org/10.1086/586741
http://www.ncbi.nlm.nih.gov/pubmed/18419436
http://www.ncbi.nlm.nih.gov/pubmed/15198183


58. Braun JJ, de Graaff CS, de Goey J, Zwinderman AH, Petit PL. Buiten het ziekenhuis opgelopen pneu-
monie: verwekkers en beloop bij patiënten opgenomen in een algemeen ziekenhuis. [Community-
acquired pneumonia: pathogens and course in patients admitted to a general hospital]. Ned Tijdschr
Geneeskd. 2004; 148(17):836–40. Dutch. PMID: 15141651

59. Stout JE, Yu VL. Legionellosis. N Engl J Med. 1997; 337(10):682–7. PMID: 9278466

60. Beaute J, Zucs P, de Jong B. Risk for travel-associated legionnaires' disease, Europe, 2009. Emerg
Infect Dis. 2012; 18(11):1811–6. doi: 10.3201/eid1811.120496 PMID: 23092591

61. Beaute J, Robesyn E, de Jong B, European Legionnaires' Disease Surveillance Network. Legionnaires'
disease in Europe: all quiet on the eastern front? Eur Respir J. 2013; 42(6):1454–8. doi: 10.1183/
09031936.00089113 PMID: 24293418

62. Beaute J, Zucs P, de Jong B, European Legionnaires' Disease Surveillance Network. Legionnaires dis-
ease in Europe, 2009–2010. Euro Surveill. 2013; 18(10):20417. PMID: 23515061

63. WiersingaWJ, Bonten MJ, BoersmaWG, Jonkers RE, Aleva RM, Kullberg BJ, et al. Dutch Guidelines
on the Management of Community-Acquired Pneumonia in Adults. Nijmegen: The DutchWorking
Party on Antibiotic Policy (SWAB) / Dutch Association of Chest Physicians (NVALT); 2011.

64. Brandsema PS, Euser SM, Karagiannis I, den Boer JW, van der HoekW. Summer increase of Legion-
naires' disease 2010 in The Netherlands associated with weather conditions and implications for
source finding. Epidemiol Infect. 2014; 142(11):2360–71. doi: 10.1017/S0950268813003476 PMID:
24576486

65. Karagiannis I, Brandsema P, M VDS. Warm, wet weather associated with increased Legionnaires' dis-
ease incidence in The Netherlands. Epidemiol Infect. 2009; 137(2):181–7. doi: 10.1017/
S095026880800099X PMID: 18631425

66. Slump E, Erkens CGM, van Hunen R, van Rest JF, Schimmel HJ, van Soolingen D. Tuberculose in
Nederland 2011: surveillancerapport. [Tuberculosis in the Netherlands 2011: surveillance report]. the
Hague: KNCV Tuberculosefonds; 2012. Dutch.

67. European Centre for Disease Prevention and Control (ECDC)/WHORegional Office for Europe. Tuber-
culosis surveillance and monitoring in Europe 2012. Stockholm: ECDC; 2012.

68. Lobue P, Menzies D. Treatment of latent tuberculosis infection: An update. Respirology. 2010; 15
(4):603–22. doi: 10.1111/j.1440-1843.2010.01751.x PMID: 20409026

69. Bouwknegt M, van Pelt W, Havelaar AH. Scoping the impact of changes in population age-structure on
the future burden of foodborne disease in the Netherlands, 2020–2060. Int J Environ Res Public Health.
2013; 10(7):2888–96. doi: 10.3390/ijerph10072888 PMID: 23851976

70. McDonald SA, van Lier A, Plass D, Kretzschmar ME. The impact of demographic change on the esti-
mated future burden of infectious diseases: examples from hepatitis B and seasonal influenza in the
Netherlands. BMC Public Health. 2012; 12:1046. doi: 10.1186/1471-2458-12-1046 PMID: 23217094

71. Devleesschauwer B, Maertens de Noordhout C, Smit GS, Duchateau L, Dorny P, Stein C, et al. Quanti-
fying burden of disease to support public health policy in Belgium: opportunities and constraints. BMC
Public Health. 2014; 14(1):1196.

Disease Burden of Infectious Diseases

PLOS ONE | DOI:10.1371/journal.pone.0153106 April 20, 2016 25 / 25

http://www.ncbi.nlm.nih.gov/pubmed/15141651
http://www.ncbi.nlm.nih.gov/pubmed/9278466
http://dx.doi.org/10.3201/eid1811.120496
http://www.ncbi.nlm.nih.gov/pubmed/23092591
http://dx.doi.org/10.1183/09031936.00089113
http://dx.doi.org/10.1183/09031936.00089113
http://www.ncbi.nlm.nih.gov/pubmed/24293418
http://www.ncbi.nlm.nih.gov/pubmed/23515061
http://dx.doi.org/10.1017/S0950268813003476
http://www.ncbi.nlm.nih.gov/pubmed/24576486
http://dx.doi.org/10.1017/S095026880800099X
http://dx.doi.org/10.1017/S095026880800099X
http://www.ncbi.nlm.nih.gov/pubmed/18631425
http://dx.doi.org/10.1111/j.1440-1843.2010.01751.x
http://www.ncbi.nlm.nih.gov/pubmed/20409026
http://dx.doi.org/10.3390/ijerph10072888
http://www.ncbi.nlm.nih.gov/pubmed/23851976
http://dx.doi.org/10.1186/1471-2458-12-1046
http://www.ncbi.nlm.nih.gov/pubmed/23217094

