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A B S T R A C T   

Background: Pertussis is an endemic respiratory tract infection caused by Bordetella pertussis that may affect all 
individuals from infants to older adults. Pertussis incidence in adults is often underreported and in various 
countries, including the United Kingdom (UK), there are evidence gaps on pertussis-associated economic burden 
in the older adult population. We aimed to quantify the economic burden of pertussis in adults aged ≥50 years in 
the UK. 
Methods: A cost-of-illness study was conducted to estimate the cost of pertussis from a societal perspective. We 
utilized a sum diagnosis cost approach in which costs related to infection with pertussis were included. Medical, 
patient, and indirect costs were calculated individually and combined to calculate total costs. A framework was 
developed to assess costs for consecutive age groups from 50–54 years of age to ≥85 years of age. Sensitivity and 
scenario analyses were used to assess analysis uncertainty. 
Results: The base-case analysis estimated the total annual economic burden of pertussis to be approximately £238 
million (M). This comprised approximately £159 M in indirect costs, £66 M in medical costs, and £13 M in patient 
costs. Costs for the age group 55–59 years had the highest impact on the economic burden, with approximately 
£79 M in total annual costs. Visits to general practitioners and nurses were the largest contributors to medical 
costs (~£37 M) followed by inpatient visits (~£21 M). Transportation costs (~£10 M) were the major patient 
costs. Productivity loss (~£71 M) and leisure time loss (~£72 M) had comparable contributions to annual in
direct costs. Sensitivity and scenario analyses suggested that incidence rates, indirect costs, and underreporting 
estimates had the highest impact on outcomes. 
Conclusion: Total cost of pertussis in the UK among adults ≥50 years of age is substantial and highest for adults 
55–59 years of age. Indirect costs were the main contributors to the economic burden.   

1. Introduction 

Pertussis is a respiratory tract infection caused by the pathogen 
Bordetella pertussis [1]. The disease is highly infectious and is transmitted 
by close contact with an infected person via airborne droplets [2]. The 
most common symptoms include paroxysmal coughing and vomiting. 
These symptoms can persist for up to eight weeks, followed by a 
convalescent stage, which could last for months [1,2]. Typically, anti
biotics are recommended to prevent infection from spreading to other 
individuals if initiated within 7–14 days of disease onset [3,4]. 

Pertussis is endemic worldwide. In 2018, the World Health Organi
zation (WHO) reported more than 151,000 cases globally [5]. Although 
it is commonly presumed to affect only children, it can affect all age 

groups [1]. With universal pertussis vaccination in infants, which was 
introduced in the 1940s, pertussis disease incidence decreased in young 
children. However, in some countries the incidence of pertussis has 
increased in adolescents and adults due to several reasons. These 
included waning of immunity acquired through natural infection or 
vaccination, increased surveillance, improved diagnostics, and an anti
genic shift of B. pertussis. The incidence of pertussis disease has increased 
in adolescents and adults in recent years [6,7]. Moreover, the incidence 
of pertussis among adults is often underreported. Hence, the real inci
dence (as based on seroprevalence data) is estimated to be considerably 
higher than the reported rate [8,9]. While morbidity and mortality due 
to pertussis are highest among infants, adults ≥50 years are at an 
increased risk of severe disease and hospitalization [10,11]. In the UK, a 

* Corresponding author at: Av. Fleming 20, 1300 Wavre, Belgium. 
E-mail address: nicolas.x.jamet@gsk.com (N. Jamet).  

Contents lists available at ScienceDirect 

Vaccine 

journal homepage: www.elsevier.com/locate/vaccine 

https://doi.org/10.1016/j.vaccine.2023.10.010 
Received 28 April 2023; Received in revised form 4 October 2023; Accepted 4 October 2023   

mailto:nicolas.x.jamet@gsk.com
www.sciencedirect.com/science/journal/0264410X
https://www.elsevier.com/locate/vaccine
https://doi.org/10.1016/j.vaccine.2023.10.010
https://doi.org/10.1016/j.vaccine.2023.10.010
https://doi.org/10.1016/j.vaccine.2023.10.010
http://creativecommons.org/licenses/by/4.0/


Vaccine xxx (xxxx) xxx

2

real-world evidence database analysis conducted among adults 50 years 
and over by Harrington et al. [12] found an average incidence rate of 5.8 
per 100,000 person-years (95 % CI: 5.5–6.0) between 2009 and 2018. 
The highest rates were found among the 50–54 age group (8.9 per 
100,000), and the lowest among 85 + age-group (1.4 per 100,000). In 
Scotland, the pre-pandemic incidence ranged from approximately 25 per 
100,000 for the 50–59 age group in 2016, to approximately 5 per 
100,000 for 70 + age groups in 2017 and 2018, with high heterogeneity 
amongst age-groups and years. In Wales, available data from Public 
Health Wales show that the pre-pandemic pertussis incidence rates 
among adults 50 + were of 4.5 in 2018 and 5.2 in 2019 [13]. Unvac
cinated or partially vaccinated infants and older adults also experience a 
higher frequency of severe disease presentation and a higher risk of 
complications and hospitalization than the general population [8,14]. 

Presently, only a few studies have assessed the economic burden of 
pertussis among older adults. These include three studies from the 
United States (US) [15–17] and one study from Canada [18]. All four 
studies concluded that the economic burden of pertussis in older adults 
was substantial [8]. To our knowledge, no such study has been con
ducted regarding adults over 50 years of age in the United Kingdom 
(UK). The objective of this study was therefore to increase pertussis 
awareness in the UK by describing the total economic burden of the 
disease among adults ≥50 years of age in the UK. 

2. Methods 

2.1. Study design and population 

We conducted a cost-of-illness study to estimate the economic 

burden of pertussis among adults ≥50 years of age in the UK from a 
societal perspective. The study used a “sum diagnosis specific” cost 
approach [19,20], where only costs related to infection with B. pertussis 
were included. Microsoft Excel was used to perform all the analysis. 

Population data for 2019 were collected from the Office for National 
Statistics (Annex I, Table S1) [21]. The population was divided into 5- 
year age groups, ranging from “50–54 years” to “85 years and older”. 
Pertussis incidence data from 2009 to 2018 were retrieved from the 
publication by Harrington et al. (Annex I, Table S1) [12]. Incidence was 
defined as event rate per 100 patients/year of follow-up. The rate of 
underreported data for each age group was referenced from a previously 
published prospective study from Poland, including patients that first 
had a pertussis symptoms-based diagnosis, followed by a lab- 
confirmation (Annex I, Table S1) [9]. 

A framework was developed to assess the overall costs associated 
with pertussis for different age groups (Fig. 1). The number of patients in 
each age group was based on age-specific incidence data and under
reporting factors. For each age group the medical costs, patient costs, 
and indirect costs were calculated separately. These costs were com
bined to estimate the total annual economic burden for the population 
≥50 years of age. Costs were adjusted to 2020 Pound Sterling (£) value 
using UK inflation rates (Annex I, Table S2) [22]. 

2.2. Medical costs 

Total medical costs were calculated as the sum of diagnostic and 
medical care costs. 

Different diagnostic methods were analysed to calculate diagnostic 
costs based on 2017–2019 data published by the UK Government (see 

Fig. 1. Study design. HCRU, healthcare resource utilization; OTC, over the counter; YOA, years of age.  
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Annex I, Table S3) [23–25] for confirmed pertussis cases only. Diag
nostic costs for the selected methods were obtained from the UK Na
tional Health Service (NHS) [26]. Costs for polymerase chain reaction 
(PCR) assay were based on published literature [27] and costs for 
pertussis oral fluid tests were calculated based on the cost of other oral 
fluid tests. 

Healthcare resource utilization (HCRU) data included general prac
titioner (GP) visits, clinical values (laboratory tests and clinical assess
ments [e.g. blood pressure, weight etc.]), accident and emergency 
(A&E) department visits, outpatient specialist visits, and inpatient care 
(see Annex I, Table S3) [12]. Frequencies of healthcare resource utili
zation are presented in Annex I, Table S4. These data were assessed 
based on confirmed pertussis cases by comparing the baseline (a period 
of 18 months to 6 months before diagnosis date) with the period around 
pertussis diagnosis (from 6 months before to 6 months after diagnosis 
date). The period around pertussis diagnosis (duration up to one year) 
was defined as a period of one year, including 6 months prior to diag
nosis date up to 6 months after diagnosis date, because medical care use 
may be sought before the actual diagnosis date and diagnosis can often 
be delayed. 

Medical care costs were presented according to the following types of 
resource use: (1) clinical values and prescription costs, calculated as the 
average cost of the five most frequently used clinical values and pre
scriptions during the pertussis infection period [12,28]; (2) the costs of 
A&E department visits and inpatient care, obtained from the 2019 NHS 
guidelines as weighted average costs for the codes used during infection 
[26]; (3) outpatient costs and costs of GP visits, obtained from the 2019 
Unit Costs of Health and Social Care as weighted average costs (GP visits 
included visits to the GP practice and consultations at home or via 
telephone) [29]. 

2.3. Patient costs 

Patient costs were defined as all direct non-medical costs and 
included transport costs, over the counter (OTC) medication, and pre
scription fees (Annex I, Table S5). 

Transportation costs were extracted from a non-pertussis UK study in 
which patients completed a travel questionnaire [30]. This included the 
mean transport cost per GP, outpatient, and inpatient visit. Total 
transport costs were calculated as the mean cost per visit multiplied by 
the number of visits. Published transportation costs for A&E visits were 
not available and were assumed to be the same as outpatient transport 
costs. 

Since estimates of OTC medication costs for pertussis were also un
available, this was estimated from the results of a study that measured 
the burden of acute cough [31]. 

Prescription fee costs were estimated based on NHS costs [32]. 

2.4. Indirect costs 

Indirect costs were calculated as the sum of productivity loss, lost 
leisure time, and informal care needs (Annex I, Table S6). 

Productivity loss was calculated using the friction cost approach 
(FCA) and the human capital approach (HCA). Notably for FCA, we 
utilized a productivity reduction of 80 % for a maximum duration of 2.7 
months [33,34]. The probability and duration of lost leisure time were 
obtained from a previously published study conducted in the US [35]. 
Employment rates, average hourly wage, and work-week duration were 
obtained from the UK Government [36,37]. Productivity losses due to 
healthcare visits were calculated using the opportunity costs per GP, 
outpatient, and inpatient visit. Opportunity costs were added based on 
travel time (see transport costs Annex I, Table S5) [30]. 

Leisure time loss was included in the current analysis because the 
population consisted of older adults, most of whom were retired [38]. It 
was calculated using the probability and duration of lost leisure time 
based on the study reported by Lee et al. [35]. The valuation of leisure 

time was based on the Verbooy et al. study [38]. 
Informal care costs were calculated using the estimated travel time 

for each medical visit and the probability of being accompanied [30]. 
The valuation of informal care was based on a previously published 
systematic review [39]. 

2.5. Sensitivity and scenario analysis 

Sensitivity (deterministic and probabilistic) and scenario analyses 
were performed to assess the uncertainty of the analysis. 

The deterministic sensitivity analysis (DSA) assessed which param
eters had the highest impact on analysis uncertainty. Ranges were uti
lized with a 95 % confidence interval (CI) if available, or an assigned 
range of − 20 % to + 20 % was used to form a conservative lower and 
upper bound. The probabilistic sensitivity analysis (PSA) assessed the 
overall uncertainty of the analysis. To calculate the alpha and beta of the 
chosen parameter distribution, a standard error of 10 % was used when 
standard deviation was unavailable. A standard error of 20 % was 
assumed for underreporting as higher deviations were expected for this 
category. A beta distribution was selected to estimate the uncertainty 
associated with probability and percentages given its constraints be
tween 0 and 1. A Gamma distribution was selected to estimate the un
certainty associated with costs, healthcare resource use, and 
underreporting factors, and pertussis incidence, given its skewness to 
the right. The Dirichlet distribution was utilized for interdependent 
variables. Sensitivity parameters can be found in Annex I, Tables S1, 
S3, S5 and S6. 

Scenario analyses were based on the DSA results and were utilized to 
further analyse high-impact parameters (see Annex I, Table S7). 

Analysis assumptions summarized the key assumptions of the 
sensitivity analysis and assessed their uncertainty (Annex I, Table S8). 

2.6. Framework validation 

The framework was validated using black-box testing and white-box 
testing tools. 

Black-box testing checks whether calculations in the economic 
analysis have been applied correctly. During this test, parameters are 
changed to see if the outcome would also change. White-box testing is 
another tool recommended for key calculations or when black-box 
testing yields unexpected results. During this test, calculations are 
checked cell by cell (i.e., more thoroughly) [40]. 

3. Results 

3.1. Base-case results 

At base-case, the total annual cost of pertussis in the UK was 
approximately £238 million (M) for 2020. The majority of these costs 
was comprised of indirect costs (~£159 M), followed by medical costs 
(~£66 M) and patient costs (~£13 M) (Fig. 2). 

Analysis of the age distribution for total costs (Table 1, Fig. 3) 
showed costs were highest for patients aged 55–59 years, followed by 
the 60–64 years and 50–54 years age groups. Total costs were sub
stantially lower for the 70–74 years and older age groups. 

GP/nurse visits were the greatest contributor to medical costs, rep
resenting over 50 % of these costs (Table 1). Conversely, diagnostics (~ 
£13,000) had the lowest impact on total medical costs because it was 
only applied to diagnosed patients. The majority of medical costs for 
patients were transport costs (~£10 M). Regarding indirect costs, leisure 
time costs (~£72 M) were the largest contributor, closely followed by 
productivity loss (~£71 M). 

3.2. Sensitivity analysis results 

The DSA showed the impact of parameters on the estimated 
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economic burden. These included workweek duration, inpatient visits, 
underreporting factors, leisure time loss, and productivity loss (Fig. 4). 

When assessing parameter uncertainty, the PSA showed that 95 % of 
total economic burden simulations were within 2 standard deviations of 
the lower and upper range. Furthermore, the simulation with the lowest 
outcome estimated a minimum total cost of approximately £106 M while 
the simulation with the highest outcome estimated a maximum total 
cost of approximately £407 M (see Fig. 5). 

3.3. Scenario analyses 

Only scenario 3, which used incidence values from the 2012 
outbreak, yielded higher total costs (£518 M) than the base-case scenario 
(£238 M) (Table 2). Underreporting factors (scenarios 1 and 2) had the 
second largest impact on total costs; no underreporting (0 % under
reporting) drastically reduced the estimated economic burden from the 
base-case scenario to £2M, while 50 % underreporting reduced the total 
costs to £119 M. Analysing a scenario with no leisure time (scenario 7) 
reduced the total costs to roughly £166 M. Further removing indirect 
costs, as seen in scenarios 8 (no indirect costs) and 9 (no indirect costs 

and underreporting), also greatly reduced the total costs to approxi
mately £79 M and £0.75 M, respectively. Furthermore, we observed that 
medical care use timeframe, hospital costs or the use of FCA analyses did 
not cause large deviations from the base-case estimate. 

3.4. Framework validation results 

Validation analyses through black-box and white-box testing 
revealed that the framework performed as expected and thus is proven 
to be technically valid (see Annex I, Table S9). 

4. Discussion 

This cost-of-illness study describes the overall economic burden of 
pertussis in adults aged 50 years or older in the UK. The greatest 
contribution to the total cost was indirect costs, representing 67 % of the 
total, followed by medical costs (28 %) and patient costs (5 %). Leisure 
time costs represented 45 % of the total indirect costs and, overall, the 
highest costs were registered among patients aged 55–59 years. 
Following this peak, the age-specific distribution of costs was observed 

Fig. 2. Base-case annual total costs of pertussis*, 2020. *Percentages (%) 
represent the proportion of overall costs related to each cost category. 

Table 1 
Total annual costs (medical, patient and indirect costs) by age group.    

Age groups (years) Total   

50–54 55–59 60–64 65–69 70–74 75–79 80–84 ≥85 

Medical costs           
GP/nurse visit £5,856,696 £10,718,729 £8,132,542 £7,230,798 £2,867,405 £1,427,439 £705,247 £443,188 £37,382,043  
GP prescription £20,464 £37,453 £28,416 £25,265 £10,019 £4,988 £2,464 £1,549 £130,618  
Clinical values £46,621 £85,324 £64,737 £57,559 £22,825 £11,363 £5,614 £3,528 £297,571  
Outpatient visit £613,300 £1,122,441 £851,621 £757,193 £300,268 £149,478 £73,852 £46,410 £3,914,563  
A&E visit £554,925 £1,015,606 £770,563 £685,122 £271,688 £135,251 £66,823 £41,992 £3,541,970  
Inpatient visit £3,310,947 £6,059,584 £4,597,543 £4,087,763 £1,621,020 £806,969 £398,695 £250,546 £21,133,067  
Diagnostics £3,715 £2,994 £2,029 £1,620 £1,358 £676 £334 £210 £12,937 

Total £10,406,668 £19,042,131 £14,447,451 £12,845,321 £5,094,584 £2,536,164 £1,253,029 £787,422 £66,412,769  

Patient costs           
OTC £18,796 £34,400 £26,100 £23,206 £ 9,202 £4,581 £2,263 £1,422 £119,971  
Transport £1,506,371 £2,756,910 £2,091,729 £1,859,796 £737,510 £367,144 £181,393 £ 113,990 £9,614,844  
Prescriptions £1,089,728 £1,994,384 – – – – – – £3,084,112 

Total £2,614,895 £4,785,694 £2,117,829 £1,883,003 £746,713 £371,725 £183,656 £115,412 £12,818,928  

Indirect costs           
Productivity loss* £18,570,880 £30,265,331 £14,664,720 £5,807,928 £887,965 £211,812 £104,649 – £70,513,286  
Leisure time loss £11,220,651 £20,535,661 £15,580,869 £13,853,247 £5,493,566 £2,734,783 £1,351,159 £849,089 £71,619,026  
Informal care costs £1,178,446 £2,156,752 £1,636,376 £1,454,933 £576,960 £287,220 £141,905 £89,175 £7,521,768  
Opportunity costs** £1,406,400 £2,573,947 £1,952,911 £1,736,371 £688,565 £342,779 £169,355 £106,425 £8,976,753 

Total £32,376,377 £55,531,690 £33,834,877 £22,852,479 £7,647,057 £3,576,594 £1,767,068 £1,044,689 £158,630,832 

A&E, Accident and Emergency; GP, general practitioner; OTC, over the counter. 
Notes: * Productivity loss using the HCA (human capital approach). 
**Opportunity costs per visit. 

Fig. 3. Base-case annual total costs by age group, 2020. GBP, Great Britain 
Pound (£). 
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to decline with progressively older age groups. 
A reason for higher costs for the 55–59 years age group could be the 

higher reported incidence in this age group than in older individuals 
[12]. The impact of incidence is amplified in the analysis because age- 
specific underreporting factors are high for patients aged 55–59 years 
(underreporting factor of 134). Although two other age groups have 
higher underreporting factors than the 55–59 years age group, the 
population size, incidence rate and employment rate for these two age 
groups is comparably lower than the 55–59 years age group (Annex I, 
Table S1) [9]. Another driver for high costs could be that the 55–59 
years age group has higher employment rates than the older age groups. 
As pertussis negatively impacts the ability to work and has a low fatality 
rate, this age group experiences the highest loss of productivity which 
increases indirect costs. While the 50–54 years age group has a higher 
employment rate, population size and incidence rate compared to the 
55–59 years age group, it has a much lower underreporting factor which 
may influence the overall impact of incidence [9]. 

The DSA results suggest that parameters introducing the highest 
variation are incidence, hospitalization, and indirect costs. The scenario 
analyses suggest that factors related to the number of patients (i.e. 
incidence and underreporting factor) have the largest influence on the 
outcome of the current analysis. Total cost-of-illness increased with 
higher incidence and decreased with lesser underreporting. While in
direct costs were attributed to the cost-of-illness, the total economic 
burden remains substantial (£79 M) because of the sizable burden from 
medical costs and patient costs which remain unchanged in such a 
scenario (Scenario 8). The PSA showed that 95 % of total economic 
burden simulations were within 2 standard deviations of the lower and 
upper range. 

The four previous studies assessing the economic burden of pertussis 
cannot be compared to our findings, given important differences in 
methodologies and because they were conducted in countries with size, 
pertussis epidemiology, and healthcare systems considerably different 
from the UK [15–18]. McLaughlin et al. [17] calculated the total 

economic burden of pertussis in the US by multiplying the age-specific 
incidence with the cost per case and reported a total economic burden 
of $398 M for patients older than 50 years of age, which is around £280 
M (using the conversion rate of 1 US dollar [$]= £0.72 from June 2021). 
In-line with this result, the total economic burden in the UK calculated 
using our framework (£238 M) is lower but within range of the outcome 
reported by McLaughlin et al. [17] However, the average cost per case 
was reported to be $1,025 (~£725) by McLaughlin et al. [17] which is 
much lower than the cost estimated in the current analysis (£1,526). 
This may be because McLaughlin et al. [17] did not include leisure time 
and informal care in their calculations. Despite the higher cost per case 
in our study, the total costs are lower than those reported by McLaughlin 
et al. [17] which may be due to differences in country size, as well as in 
the methods and assumptions used in the two studies. 

Two other studies conducted in the US, reported by McGarry et al. 
[15,16], studied the cost-effectiveness of tetanus, diphtheria and acel
lular pertussis (Tdap) vaccination in adults ≥ 65 years of age. In the 
study from 2014, McGarry et al. [15] reported that the costs per case 
were $99.22 (~£70), $203.13 (~£144) and $7,221.97 (~£5,122) for a 
mild, moderate and severe infection, respectively. Therefore, the 
average cost per case in the current study (£1,526) falls within the range 
of the costs per case reported by McGarry et al. [15,16]. The mild and 
moderate infection costs per case were lower in these US studies than the 
mean cost per case in our study, possibly because mild and moderate 
cases are associated with less healthcare resource use. Furthermore, 
McGarry et al. [15,16] did not consider the indirect costs that were 
included in the present study. Notably, the very high cost for severe 
cases reported by McGarry et al. [15,16] potentially reflects that hos
pitalization costs in the US are significantly higher than hospitalization 
costs in the UK, as documented previously [41]. 

Lastly, a microsimulation study by McGirr et al. [18] reported the 
total burden of pertussis in Canada. Total medical costs were estimated 
at Canadian dollar [CAD] $26 M (~£15 M calculated using the con
version rate of 1 CAD $ = 0.58 £ from June 2021) in a non-outbreak year 

Fig. 4. Deterministic sensitivity analysis - top 15 parameters. GBP, Great Britain Pound (£); UK, United Kingdom; y, years of age; − 6;-1, period from 6 months to 1 
month prior to diagnosis date; +2;+5, period from 2 months to 5 months after diagnosis date; 0;+2, period from diagnosis date to 2 month after diagnosis. 
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and CAD $72 M (~£42 M) in an outbreak year for the total population. 
For both scenarios, medical costs were lower than the findings in the 
current analysis (~£66 M). This difference could be explained by the 
different country size and epidemiology, and by the underreporting 
factor used in McGirr et al. [18] which was lower (5.6) than the one used 

in our study (from 59 to 167 based on age group). 
A major strength of this study is the use of the Clinical Practice 

Research Datalink database that allowed extensive evaluation of 
different types and frequencies of healthcare resource use. Although the 
data were generated for England only, a comparison of publicly 

Fig. 5. Uncertainty of the results as shown by the PSA. Disaggregated results of the PSA (seen in the table) from 5000 simulations are summarized in a histogram. 
95% low, 95% confidence interval lower bound value; 95% high, 95% confidence interval upper bound value; Min, minimum range value; Max, maximum range 
value; PSA, probabilistic sensitivity analysis. 

Table 2 
Results of the different scenario analyses.   

Scenario analyses Medical costs Patient costs Indirect costs Total 

Scenario Base case £66,412,769 £12,818,928 £158,630,832 £237,862,529 
1 0 % underreporting £626,940 £123,372 £1,503,238 £2,253,551 
2 50 % underreporting £33,212,853 £6,409,464 £79,315,416 £118,937,733 
3 Incidence as in 2012 £142,519,109 £28,172,425 £347,661,462 £518,352,996 
4 Medical care use as T-1; T þ 11* £65,860,473 £11,917,737 £157,790,895 £235,569,105 
5 Hospital costs reduced by 50 % £55,846,236 £12,818,928 £158,630,832 £227,295,995 
6 Friction cost approach (FCA) instead of the human capital approach (HCA) £66,412,769 £12,818,928 £144,528,175 £223,759,872 
7 No leisure time £66,412,769 £12,818,928 £87,011,806 £166,243,503 
8 No indirect costs £66,412,769 £12,818,928 – £79,231,697 
9 No indirect costs and underreporting £626,940 £123,372 – £750,312 
10 No opportunity costs per visit £66,412,769 £12,818,928 £149,654,079 £228,885,776 

T, the date of diagnosis. 
*T-1 and T + 11 refer to time period between one month before and 11 months after date of diagnosis. 
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available source about the incidence of pertussis among adults 50 years 
and over in Scotland and Wales, show that using England data is deemed 
acceptable given the comparable incidence level. A second strength is 
that the cost-of-illness analysis integrated a societal perspective which is 
not extensively published in the literature for this setting. In this study, 
we not only consider medical costs and productivity loss, but also pa
tient costs, leisure time costs, and informal care costs. Both sensitivity 
and scenario analyses further strengthen the results of this study as these 
analyses allow for a direct comparison of HCRU related to pertussis 
versus baseline. 

Limitations of this study include the underreporting factors which 
were obtained from a large perspective serological study by Stefanoff et 
al. conducted in Poland [9]. It is assumed that the UK situation is similar 
to that of Poland as neither country has adult vaccination recommen
dations in place, both have a similar pertussis notification system and 
comparable incidence rates among notified cases [42]. The two scenario 
analyses suggest that the influence of the underreporting factor is sig
nificant and therefore further understanding on underreporting will be 
needed to characterize the economic burden more accurately. A further 
limitation of this study is that the geographical location of patients 
within the UK was not known, which is important to estimate the costs of 
prescriptions since patients in certain UK regions do not pay any costs. 
As such we might have overestimated the prescription fee costs, how
ever this would not have substantial impact on the outcome of the study 
because the estimate was applied only to the two younger age groups. 

The use of OTC medication and costs could be underestimated as 
they are based on acute cough-related costs while pertussis is a longer- 
lasting disease [31]. A limitation of the indirect cost estimate concerns 
the uncertainty of whether healthcare visits are included in ‘time missed 
from work’ in the study reported by Lee et al. [35], which is used in our 
analyses to estimate the probability and duration of lost leisure time. 
Due to this uncertainty, additional productivity loss is assumed in the 
analysis for each healthcare visit. The influence of this assumption is 
tested in a scenario analysis in which these costs are not included. The 
scenario analysis shows that the assumption has a moderate influence on 
the results of the analysis with the total economic burden being around 
£9M lower than the base-case result. 

5. Policy implications & future research 

From a societal perspective, preventing disease occurrence leads to 
substantial benefits. A decreased disease incidence is likely to reduce 
medical and patient costs, while also reducing losses in working and 
leisure time. As such, policy makers could enhance the pertussis notifi
cation system to better inform healthcare professionals within the NHS 
about pertussis diagnosis and the true incidence of pertussis in the adult 
population. Furthermore, if pertussis cases were detected faster and 
more often, additional secondary infections could be prevented by early 
treatment initiation [3]. 

A further preventive measure could include the implementation of an 
immunization program among adults ≥50 years of age with pertussis 
booster vaccines (Tdap) which is effective and safe for patients of all 
ages [43]. In the US, McGarry et al. [15,16] found that supplementing 
baseline practice with vaccinating 10 % of eligible patients using Tdap 
could prevent over 97,000 cases annually and save a total of $48 M after 
deducting the cost of vaccination [15,16]. Notably, McGarry et al. 
[15,16] did not correct for underreporting, thus implementing these 
preventive effects could lead to higher savings than reported. Unfortu
nately, such research was not yet performed in the UK, and findings from 
other countries should be read carefully. Therefore, to build on our 
analysis, future research could include a cost-benefit analysis of such 
programs, to assess the resources needed to implement of such program 
with the expected gains in terms of health impacts and spending in the 
UK. Also, cost-effectiveness analysis would help understand what value 
for money such programs would have. 

Finally, additional research is also needed to identify new treatments 

that could effectively reduce the severity of pertussis infections [43]. 

6. Conclusion 

The total economic burden of pertussis in the population older than 
50 years in the UK is substantial. As the UK population ages, this burden 
is expected to increase alongside the aging population due to the 
frequent underreporting/misdiagnosis in the older population. The 
economic burden of pertussis is highest among adults aged 55–59 years 
and indirect costs are the largest contributor to total costs. These results 
highlight the importance of considering vaccination programs for 
adults. Even though the current study has several limitations, the results 
are valuable for creating awareness among healthcare authorities and 
professionals. This study emphasizes the importance of future research 
to reduce the overall pertussis disease burden by focusing on reducing 
pertussis underreporting, assessing and implementing cost-effective 
preventive measures, and improving curative strategies. These find
ings could be used to inform policy decisions and interventions aimed at 
reducing the economic impact of pertussis. 
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