
Antibiotic use drives the spread of antibiotic re-
sistance. A considerable proportion of antibi-

otic prescriptions are prescribed unnecessarily for 
conditions that are either self-limiting or nonbacte-
rial in etiology (1). Because influenza is often treated 
inappropriately with antibiotics, expanding access 
to influenza vaccines has been proposed as a means 
of reducing unnecessary prescribing and preventing 
resistant infections (2).

In 2013, England and Wales began rolling out 
the live attenuated influenza vaccine (LAIV) for 
2–16-year-old children (3). Here, we estimate the 
potential effect on antibiotic prescribing and anti-
biotic resistance.

The Study
We assumed that some influenza cases lead to general 
practitioner (GP) consultations and some GP consul-
tations lead to antibiotic prescriptions. Our age-strat-
ified analysis focused on community antibiotic use as 
the driver of resistance, because hospitalizations for 
influenza are rare relative to GP consultations (4).

To estimate the influenza-attributable consul-
tation rate, we used a previous time-series statis-
tical attribution covering the 1995–2009 influenza  

seasons in the United Kingdom (5), yielding a 
population-wide average of 14.7 influenza-at-
tributable GP consultations per 1,000 person-
years (Table 1). For our uncertainty analysis (Ap-
pendix Table, https://wwwnc.cdc.gov/EID/
article/25/12/19-1110- App1.pdf), we used a lower 
estimate of 11.8 per 1,000, from a longitudinal study 
of the 2006–2011 influenza seasons in England (6), 
and a higher estimate of 21.4 per 1,000, from a time-
series statistical analysis of the 2000–2008 influenza 
seasons in England and Wales (4).

We estimated that 726 antibiotic prescriptions 
are written for every 1,000 influenza-attributable 
GP consultations (5). For our uncertainty analysis, 
we used a lower estimate of 313 per 1,000, derived 
from electronic health records of prescriptions 
within 30 days of a consultation for influenza-
like illness (ILI) or acute cough in England during  
2013–2015 (7).

We assumed that LAIV prevents 49% of symp-
tomatic influenza cases on average, using a previous-
ly published mathematical model of pediatric LAIV in 
England and Wales, which assumes 50% uptake and 
either 70% (matched-year) or 42% (unmatched-year) 
efficacy among 2–16-year-olds (3). This reduction is 
consistent with a pilot study comparing consulta-
tion rates in treatment with control areas before and 
after LAIV rollout (8). For our uncertainty analysis, 
we used lower and higher estimates of 32% and 63% 
fewer influenza cases from the same model, assuming 
an uptake of 30% and 70%, respectively.

To predict the healthcare benefits of reducing 
unnecessary prescribing, we used linear regression 
with a country’s rate of primary-care antibiotic use 
as the predictor variable and previously published 
2015 estimates of adverse health outcomes associated 
with 16 resistant bacterial strains across European 
countries (9) as the response variables. We adopted a  
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published cost estimate of $1,415 per resistant infec-
tion (2016 USD) (10), adjusted for inflation and health-
care purchasing power parity to £520 (2015 GBP).

We used Monte Carlo sampling to explore un-
certainty across estimates for consultation rate, pre-
scribing rate, and LAIV effectiveness, weighting age 

groups by using 2015 demographic data for England 
and Wales. (Analysis code and data at http://github.
com/nicholasdavies/laiv_amr_ew; additional details 
in the Appendix.)

We found that pediatric LAIV has the potential 
to reduce antibiotic consumption by 5.3 (95% highest  
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Table 1. Projected effect of pediatric LAIV on antibiotic prescription rates, England and Wales* 

Age 
group 

Influenza-
attributed 

consultation rate† 
Prescriptions per 

consultation 

Direct prescribing 
rate reduction, 
unmatched‡ 

Direct prescribing 
rate reduction, 

matched‡ 

Overall 
LAIV 

effectiveness§ 

Overall 
prescribing 

rate reduction¶ 
0–6 mo 29.7 (23.7–35.9) 0.597 (0.474–0.719) – – 0.574 (0.501–0.651) 10.2 (7.03–13.5) 
6 m–4 y 29.7 (23.7–35.9) 0.597 (0.474–0.719) 7.46 (5.31–9.64) 12.4 (8.85–16.1) 0.663 (0.618–0.714) 11.8 (8.31–15.4) 
5–14 y 22.1 (17.6–26.7) 0.588 (0.466–0.708) 5.46 (3.89–7.06) 9.11 (6.48–11.8) 0.754 (0.709–0.794) 9.81 (6.97–12.8) 
15–44 y 12.8 (10.2–15.4) 0.676 (0.536–0.814) 3.64 (2.59–4.70) 6.06 (4.31–7.83) 0.446 (0.394–0.502) 3.86 (2.66–5.09) 
45–64 y 12.4 (9.84–14.9) 0.805 (0.639–0.970) – – 0.423 (0.374–0.484) 4.22 (2.90–5.58) 
>65 y 12.2 (9.67–14.7) 0.857 (0.680–1.03) – – 0.477 (0.397–0.561) 4.97 (3.34–6.68) 
Overall 14.7 (11.7–17.7) 0.726 (0.576–0.875) 5.80 (4.13–7.49) 9.86 (7.01–12.9) 0.494 (0.446–0.549) 5.32 (3.74–7.00) 
*All estimates reported as mean (95% highest density interval). LAIV, live attenuated influenza vaccine; –, age group not subject to pediatric LAIV. 
†Per 1,000 person-years in England and Wales. 
‡Reduction in antibiotic prescriptions among vaccinees per 1,000 vaccine recipients, not accounting for herd immunity, presented separately for 
unmatched and matched seasons. 
§Reduction in influenza cases assuming a 50% uptake among children 2–16 years of age, accounting for herd immunity. 
¶Per 1,000 person-years in England and Wales, accounting for herd immunity. 

 

Figure 1. Estimated incidence 
of adverse health outcomes 
resulting from antibiotic-
resistant infections, plotted 
against the overall antibiotic 
consumption in primary care 
settings in 30 countries in 
Europe, 2015. A) Antibiotic-
resistant cases/1,000-
person-years; B) attributable 
DALYs/1,000 person-years; 
C) attributable deaths/1,000 
person-years. Red circles 
indicate datapoints for the 
United Kingdom; error bars 
indicate 95% CIs. Blue lines 
indicate linear regressions; 
gray shading indicates 95% 
confidence regions for linear 
regressions. DALYs, disability-
adjusted life years; DDD, 
defined daily dose.
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density interval [HDI] 3.7–7.0) prescriptions per 1,000 
person-years (Table 1) across the population of Eng-
land and Wales, or 0.8% of the antibiotic dispensation 
rate for primary care in England and Wales in 2015. 
For comparison with secular trends, this rate has fallen 
by 2.5% each year during 2012–2018 in England (Ap-
pendix Figure). Focusing on vaccine recipients only, 
we estimated that the direct effectiveness of LAIV on 
antibiotic consumption is 5.8 (95% HDI 4.1–7.5) fewer 
prescriptions per 1,000 person-years in unmatched 
years and 9.9 (95% HDI 7.0–13) in matched years.

Although 0.8% is a small decrease in antibiotic 
use, it might appreciably improve the cost-effec-
tiveness of pediatric LAIV if the healthcare costs 
of resistance are substantial enough (Figure 1). We 
estimated that LAIV has the potential to reduce 
resistance-attributable disability-adjusted life years 
(DALYs) by 642, cases by 432, and deaths by 22 per 
year in England and Wales (Table 2); averted DALYs 
were spread relatively evenly across the 7 causative 
pathogens analyzed (Figure 2, panel A). We esti-
mated a yearly cost saving of £224,000 for averted 
resistant infections. Compared with the projected 
incremental cost (program cost minus healthcare 
saving) of pediatric LAIV at £63.6 million, and its 
projected effect of saving 27,475 quality-adjusted life 
years and averting 799 deaths yearly (3), accounting 
for resistance will not substantially increase the cost-
effectiveness of pediatric LAIV in this setting. Our 
uncertainty analysis (Figure 2, panel B) identified 
the consultation rate as having the greatest influence 
over the effect of LAIV on resistance-associated ad-
verse health outcomes.

Conclusions
Our estimates for the foreseeable reduction in an-
tibiotic prescribing from the LAIV program in 
England and Wales might seem surprisingly low, 
given that sore throat, cough, and sinusitis together 
account for 53% of all inappropriate prescribing, 
which in turn accounts for at least 9%–23% of all 
prescribing in England (1). However, many viral 
and bacterial pathogens cause these symptoms. By 
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Table 2. Projected effect of pediatric LAIV on adverse health 
outcomes associated with antibiotic resistance, England and 
Wales* 

Outcome 
Estimate for 2015, 
England and Wales 

Projected reduction in 
outcome resulting from 
LAIV, mean (95% HDI) 

DALYs 46,039 642 (450–842) 
Cases 47,080 432 (303–566) 
Deaths 1,930 22 (16–29) 
*DALYs, disability-adjusted life years; HDI, highest density interval; LAIV, 
live attenuated influenza vaccine. 

 

Figure 2. Effect of pediatric LAIV on adverse health outcomes 
attributable to antibiotic-resistant bacterial strains, England and 
Wales. A) Estimated DALYs attributable to resistant infections 
averted by pediatric LAIV, stratified by causative pathogen. 
The entire width of each bar is the current number of DALYs; 
potential reductions are highlighted in black and reported 
next to each bar. B) One-way uncertainty analysis, showing 
the effect on DALYs averted, of alternative assumptions 
concerning the rate of influenza-attributable general practitioner 
consultations, the pediatric uptake of LAIV, the rate of antibiotic 
prescribing per general practitioner consultation, and how the 
effect of prescribing on adverse health outcomes associated 
with resistance is attributed (additional details in Methods and 
Appendix, https://wwwnc.cdc.gov/EID/article/25/12/19-1110-
App1.pdf). DALYs, disability-adjusted life years; LAIV, live 
attenuated influenza vaccine.
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one estimate, influenza causes only 11% of GP con-
sultations for acute respiratory illness in England 
(4), so it might be optimistic to expect influenza 
vaccination to substantially reduce antibiotic use in 
this setting.

Our base-case estimate of 726 antibiotic pre-
scriptions per 1,000 influenza-attributable consul-
tations is more than double what electronic health 
records suggest (7). One explanation is that our 
estimate, derived from statistical attribution of an-
tibiotic prescriptions to influenza circulation dur-
ing 1995–2009 (5), feasibly includes prescribing for 
secondary infections such as otitis media, sinusitis, 
and pneumonia. Moreover, electronic health records 
might not reliably reflect antibiotic prescribing rates 
for influenza: in 1 study, only 8% of consultations 
for ILI resulted in influenza or ILI being medically 
recorded (6). Conversely, antibiotic use in England 
has declined since 1995 (by 22% during 1998–2016) 
(11). Accordingly, our base-case results should be 
interpreted as the maximum potential reduction by 
LAIV of antibiotic use.

In randomized trials, the direct effect of influen-
za vaccines on vaccinated children has ranged from a 
44% reduction (Italy) to a 6% increase (United States) 
in antibiotic prescriptions over the 4-month period 
following vaccination, whereas estimates of the ef-
fect over entire populations (all ages, vaccinated 
and unvaccinated) range from 11.3 fewer prescrip-
tions per 1,000 person-years in Ontario, Canada, to 
3.9 fewer in South Africa and Senegal (Appendix). 
This variability might arise from differences in vac-
cine efficacy and coverage, population risk factors, 
influenza circulation, or existing patterns of antibi-
otic use, which make generalizing estimates across  
settings challenging.

The adverse health outcome estimates that we 
adopt (9) assume that resistant infections add to, rath-
er than replace, nonresistant infections. Relaxing this 
assumption would further reduce the projected effect 
of LAIV, because some prevented resistant infections 
would be replaced by nonresistant infections (12).

Our framework estimates the effect of influenza 
vaccination on antibiotic resistance by using the re-
lationship between influenza circulation and antibi-
otic use in England and Wales, and can be adapted 
to other settings for which this relationship can be 
quantified. An alternative approach would be to 
correlate LAIV uptake, rather than influenza circu-
lation, directly with antibiotic use. Challenges with 
that approach include appropriately controlling for 
confounding factors in the relationship between  
vaccine uptake and antibiotic use and quantifying  

herd immunity. However, consistent with our  
approach, UK-specific empirical estimates have 
suggested little or no effect of LAIV uptake on pre-
scribing: a self-controlled case-series study found 
that 2–4-year-old LAIV recipients took 13.5% fewer 
amoxicillin courses in the 6 months after vaccina-
tion (13), whereas an LAIV pilot study detected no 
difference in prescribing rates for respiratory tract 
infections between treatment groups (14). No single 
vaccine is likely to substantially reduce inappropri-
ate antibiotic use in the United Kingdom.

Acknowledgments
We thank Edwin van Leeuwen for providing results from 
the mathematical model of influenza transmission and 
vaccination, Diamantis Plachouras for correspondence, 
and David R.M. Smith, Edwin van Leeuwen, and Marc 
Baguelin for discussion.

N.G.D., M.J., and K.E.A. were funded by the National 
Institute for Health Research Health Protection Research 
Unit in Immunisation at the London School of Hygiene 
and Tropical Medicine, in partnership with Public Health  
England. The views expressed are those of the authors  
and not necessarily those of the NHS, National Institute 
for Health Research, Department of Health, or Public 
Health England.

About the Author
Mr. Chae is a health economist and pharmacist working 
at the Korea International Cooperation Agency who  
began this work while studying for an MSc in public 
health at the London School of Hygiene and Tropical 
Medicine. Dr. Davies is a research fellow at the London 
School of Hygiene and Tropical Medicine, whose  
work focuses on the ecology and epidemiology of  
antibiotic resistance.

References
  1. Smieszek T, Pouwels KB, Dolk FCK, Smith DRM, Hopkins S, 

Sharland M, et al. Potential for reducing inappropriate  
antibiotic prescribing in English primary care. J Antimicrob  
Chemother. 2018;73(Suppl_2):ii36–43. https://doi.org/ 
10.1093/jac/dkx500

  2. Atkins KE, Lafferty EI, Deeny SR, Davies NG, Robotham JV, 
 Jit M. Use of mathematical modelling to assess the impact  
of vaccines on antibiotic resistance. Lancet Infect Dis. 2018; 
18:e204–13. https://doi.org/10.1016/S1473-3099(17)30478-4

  3. Baguelin M, Camacho A, Flasche S, Edmunds WJ.  
Extending the elderly- and risk-group programme of  
vaccination against seasonal influenza in England and  
Wales: a cost-effectiveness study. BMC Med. 2015;13:236. 
https://doi.org/10.1186/s12916-015-0452-y

  4. Cromer D, van Hoek AJ, Jit M, Edmunds WJ, Fleming D, 
Miller E. The burden of influenza in England by age and 
clinical risk group: a statistical analysis to inform vaccine 

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 26, No. 1, January 2020 141



DISPATCHES

policy. J Infect. 2014;68:363–71. https://doi.org/10.1016/ 
j.jinf.2013.11.013

  5. Fleming DM, Taylor RJ, Haguinet F, Schuck-Paim C,  
Logie J, Webb DJ, et al. Influenza-attributable burden in  
United Kingdom primary care. Epidemiol Infect. 2016; 
144:537–47. https://doi.org/10.1017/S0950268815001119

  6. Hayward AC, Fragaszy EB, Bermingham A, Wang L,  
Copas A, Edmunds WJ, et al.; Flu Watch Group.  
Comparative community burden and severity of seasonal 
and pandemic influenza: results of the Flu Watch cohort 
study. Lancet Respir Med. 2014;2:445–54. https://doi.org/ 
10.1016/S2213-2600(14)70034-7

  7. Pouwels KB, Dolk FCK, Smith DRM, Robotham JV,  
Smieszek T. Actual versus ‘ideal’ antibiotic prescribing for 
common conditions in English primary care. J Antimicrob  
Chemother. 2018;73(Suppl_2):19–26. https://doi.org/ 
10.1093/jac/dkx502

  8. Pebody RG, Green HK, Andrews N, Boddington NL,  
Zhao H, Yonova I, et al. Uptake and impact of vaccinating 
school age children against influenza during a  
season with circulation of drifted influenza A and B  
strains, England, 2014/15. Euro Surveill. 2015;20:1–11. 
https://doi.org/10.2807/1560-7917.ES.2015.20.39.30029

  9. Cassini A, Högberg LD, Plachouras D, Quattrocchi A,  
Hoxha A, Simonsen GS, et al.; Burden of AMR Collaborative 
Group. Attributable deaths and disability-adjusted life- 
years caused by infections with antibiotic-resistant bacteria 
in the EU and the European Economic Area in 2015: a  
population-level modelling analysis. Lancet Infect Dis. 
2019;19:56–66. https://doi.org/10.1016/S1473-3099 
(18)30605-4

10. Shrestha P, Cooper BS, Coast J, Oppong R, Do Thi Thuy N, 
Phodha T, et al. Enumerating the economic cost of  
antimicrobial resistance per antibiotic consumed to  
inform the evaluation of interventions affecting their use. 
Antimicrob Resist Infect Control. 2018;7:98. https://doi.org/ 
10.1186/s13756-018-0384-3

11. Curtis HJ, Walker AJ, Mahtani KR, Goldacre B. Time trends 
and geographical variation in prescribing of antibiotics in 
England 1998-2017. J Antimicrob Chemother. 2019;74:242–50.

12. de Kraker MEA, Jarlier V, Monen JCM, Heuer OE,  
van de Sande N, Grundmann H. The changing epidemiology 
of bacteraemias in Europe: trends from the European  
Antimicrobial Resistance Surveillance System. Clin Microbiol 
Infect. 2013;19:860–8. https://doi.org/10.1111/1469-0691.12028

13. Hardelid P, Ghebremichael-Weldeselassie Y, Whitaker H, 
Rait G, Gilbert R, Petersen I. Effectiveness of live  
attenuated influenza vaccine in preventing amoxicillin  
prescribing in preschool children: a self-controlled case  
series study. J Antimicrob Chemother. 2018;73:779–86. 
https://doi.org/10.1093/jac/dkx463

14. Muller-Pebody B, Sinnathamby MA, Warburton F,  
Rooney G, Andrews N, Henderson K, et al. Impact of the 
new childhood influenza vaccine programme on antibiotic 
prescribing rates in primary care in England [abstract]. 2019 
[cited 2019 Jul 24]. https://www.escmid.org/escmid_ 
publications/escmid_elibrary/material/?mid=66623

Address for correspondence: Nicholas G. Davies, London School 
of Hygiene and Tropical Medicine, Department of Infectious 
Disease Epidemiology, Keppel St, London WC1E 7HT, UK;  
email: nicholas.davies@lshtm.ac.uk.

142 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 26, No. 1, January 2020

EID SPOTLIGHT TOPIC: Antimicrobial Resistance
Antibiotics and similar drugs, together 
called antimicrobial agents, have been 
used for the past 70 years to treat pa-
tients who have infectious diseases. 
Since the 1940s, these drugs have 
greatly reduced illness and death from 
infectious diseases. However, these 
drugs have been used so widely and 
for so long that the infectious organ-
isms the antibiotics are designed to 
kill have adapted to them, making the 
drugs less effective.

Each year in the United States, at least 
2 million people become infected with 
bacteria that are resistant to antibiotics 
and at least 23,000 people die each year 
as a direct result of these infections.

http://wwwnc.cdc.gov/eid/page/resistance-spotlight®


