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ear Editor, 

We read with interest the article from Worsley et al. on de- 

lining antibody responses to SARS-CoV-2 in health care workers 

ollowing vaccination. 1 The authors concluded that 25% of HCWs 

ere seronegative 41 weeks following SARS-CoV-2 vaccination and 

herefore potentially unprotected against infection. Similarly, the 

nactivated influenza vaccine offers transient protection against in- 

ection amongst healthcare workers (HCWs) who are at a height- 

ned risk of exposure to influenza. There is increasing evidence to 

uggest that seroprotective levels of antibody wane following in- 

uenza vaccination during a single influenza season. 2 However, the 

linical significance of this waning of seroprotective antibody levels 

uring the influenza season is unclear. 

We conducted a single-centre prospective observational co- 

ort study of HCWs at University Hospitals of Leicester National 

ealth Service (NHS) Trust, United Kingdom that were vaccinated 

t two different timepoints before the start of the 2020/21 in- 

uenza season. We vaccinated participants with the quadrivalent 

nactivated influenza vaccine (QIV; standard egg grown, inacti- 

ated split virion, 15 micrograms haemagglutinin per strain per 

.5 ml dose, Sanofi Pasteur Vaccines), either three months be- 

ore (early group) or one month before (late group) the typi- 

al local influenza season, defined as December until April. These 

accines included four influenza antigens following WHO North- 

rn Hemisphere influenza vaccine recommendations for 2020/21: 

/Guangdong-Maonan/SWL1536/2019 A/H1N1pdm – like, A/Hong 

ong/2671/2019 A/H3N2 – like, B/Washington/02/2019 – like and 

/Phuket/3073/2013 – like. 3 

During the follow-up period participants were asked to monitor 

or influenza-like-illness (ILI), defined as fever of > 37.8 °C with a 

ew-onset cough and provided blood for the haemagglutinin inhi- 

ition assay (HAI) at four timepoints: pre-vaccination, day 21 post- 

accination, at the peak of the influenza season in February 2021 

nd at the end of the influenza season in May 2021. The HAI assays

ere performed at the World Health Organization (WHO) Collabo- 

ating Centre for Reference and Research on Influenza, Melbourne, 

ustralia according to the WHO method as described previously. 4 

e investigated how timing of influenza vaccination, either early 

r late, age, sex, and prior influenza vaccination impacted on the 

og 2 HAI titres at the peak and end of the influenza season us- 

ng multivariable linear regression. We defined the seroprotection 

ate using the criteria of the European Agency for the Evaluation 

f Medicinal Products (EMEA), as the percentage of subjects with 

 titre ≥1:40, and compared the seroprotection rates of the early 

nd late cohorts at each study visit using χ2 test. 5 

Between September and November 2021, we recruited 400 

CWs with 200 participants in each of the early and late cohorts. 
ttps://doi.org/10.1016/j.jinf.2022.10.011 

163-4453/© 2022 The British Infection Association. Published by Elsevier Ltd. All rights r
able 1 summarises participant demographic and clinical details in 

he early and late cohorts. 

Fig. 1 shows the differences in HAI GMT between early and late 

ohorts at all study visits. HAI GMTs were similar between the 

arly and late groups at all study visits for all strains, except for in- 

uenza A/H1N1pdm; these differed between early and late cohorts 

t the peak of the influenza season (GMT 76 vs 99, p = 0.02) and

nd of the influenza season (GMT 54 vs 67, p = 0.047). For both in-

uenza A strains the seroprotection rate did not differ significantly 

etween the early and late vaccinated groups at the peak or end 

f the influenza season. The seroprotection rate for both influenza 

 strains was greater than 98%, at all study visits. 

There were no significant differences in peak and end-of-season 

AI titres in multivariable analysis between participants vaccinated 

arly and late for both influenza A strains when accounting for 

ge, sex and prior vaccination history. By contrast, compared to 

hose who had not previously received an influenza vaccine vacci- 

ation at least two times in the last four years was independently 

ssociated with lower HAI titres at the end of the influenza sea- 

on for A/H1N1pdm (peak of influenza season adjusted coefficient 

0.67 95%CI( −1.16, −0.18) and end of influenza season adjusted 

oefficient −0.79 ( −1.27, −0.31)). A similar result in those receiv- 

ng multiple previous influenza vaccinations was also seen for in- 

uenza B/Victoria at the peak of the influenza season (adjusted co- 

fficient −0.39 95%CI ( −0.72, −0.05)). This is in keeping with pre- 

ious studies that have shown that repeated influenza vaccination 

mpacts vaccine effectiveness and immunogenicity. 6 In total 16 par- 

icipants developed ILI during follow-up. None were PCR positive 

or influenza. Ten were positive for SARS-CoV-2, one was positive 

or Rhinovirus and five were negative for all viruses on the full vi- 

al respiratory panel. 

Our study demonstrates that regardless of vaccination tim- 

ng, HAI titres following annual influenza vaccination are un- 

ikely to differ significantly during the course of a forthcoming 

nfluenza season. We found that individuals vaccinated just be- 

ore the start of the influenza season can produce a swift an- 

ibody response given that titres at the peak of the influenza 

eason did not differ when compared to those vaccinated ear- 

ier. Therefore, staff vaccination programmes should not stop too 

arly before the start of the influenza season to ensure maxi- 

um access to vaccination for HCWs. This is particularly important 

iven that the HCWs comprising the late-vaccinated group were 

ore likely to have influenza vaccine hesitancy factors, such as 

ounger age and minority ethnicity. 7 , 8 Therefore, early cessation of 

 seasonal vaccine programme may lower vaccine uptake in these 

roups. 

A unique strength of this study is the lack of potential boost- 

ng of the serological response from natural influenza infection. 

revious studies that have sought to evaluate the serological re- 

ponse to the influenza vaccine over longer time periods have 

een constrained by modification due to influenza infection. 9 It is 
eserved. 

https://doi.org/10.1016/j.jinf.2022.10.011
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jinf
https://doi.org/10.1016/j.jinf.2022.10.011
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Table 1 

Baseline characteristics for early and late vaccine recipients. 

Early Vaccine 

Cohort( n = 200) 

Late Vaccine 

Cohort( n = 200) 

p value Total( n = 400) Missing 

data 

Demographic details 

Age in years, median (IQR) 45 (33–54) 38.5 (31–50) 0.002 41 (32–52) 0 

Sex 

Male 14 (7%) 41 (21%) < 0.001 55 (14%) 0 

Ethnicity 

White 

Asian 

Black 

Mixed 

Other 

168 (84%) 

25 (13%) 

2 (1%) 

3 (2%) 

1 (1%) 

143 (73%) 

40 (20%) 

9 (5%) 

3 (2%) 

1 (1%) 

0.04 311 (78%) 

65 (16%) 

11 (3%) 

6 (2%) 

2 (1%) 

5 

Job Role 

Medical & Dental 

Qualified Nurse 

Allied Health professional 

Student 

HCW with patient contact 

No patient contact 

13 (7%) 

78 (39%) 

25 (13%) 

3 (2%) 

49 (25%) 

32 (16%) 

21 (11%) 

52 (28%) 

27 (15%) 

6 (3%) 

43 (23%) 

37 (20%) 

0.14 34 (9%) 

130 (33%) 

52 (13%) 

9 (2%) 

92 (23%) 

69 (17%) 

14 

Clinical details 

No co-morbidities 161 (81%) 172 (88%) 0.08 333 (83%) 4 

Number of previous influenza 

vaccinations in the last 4 years 

0 

1 

2 

3 

4 

13 (7%) 

22 (11%) 

18 (9%) 

20 (10%) 

127 (64%) 

40 (20%) 

36 (18%) 

22 (11%) 

26 (13%) 

76 (38%) 

< 0.001 53 (13%) 

58 (15%) 

40 (10%) 

46 (12%) 

203 (51%) 

0 

Study visits completed 

Visit 1: Pre vaccine visit 

Visit 2: Post vaccine visit 

Visit 3: Peak Flu visit 

Visit 4: End of season visit 

200 (100%) 

200 (100%) 

194 (97%) 

189 (95%) 

200 (100%) 

191 (96%) 

178 (89%) 

175 (88%) 

400 (100%) 

391 (98%) 

372 (93%) 

364 (91%) 

Co-morbidities included: Asthma, COPD, Diabetes, Hypertension, Chronic Kidney Disease, Chronic Liver Disease, IBD, Cancer and Rheumatological conditions. 

Fig. 1. GMT HAI titres with 95% confidence intervals for early and late vaccine recipients during the 2020/21 influenza season. 
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1

nlikely that any of the participants in this study were infected 

ith influenza as our study was conducted during the 2020/21 in- 

uenza season when circulating influenza in the UK was excep- 

ionally low, 10 and we actively monitored participants for potential 

nfluenza infections. 

In summary, we have shown that in a population of healthy 

dults influenza vaccine-induced immunity does not differ sub- 

tantially depending on the timing of vaccination. This study 

upports the approach of offering influenza vaccination over an 

xtended period to maximise influenza vaccine uptake. Under- 

tanding the duration of immunity is critical when deciding on 

he timing of yearly vaccinations such as with current influenza 

accines. 

thics approval 
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ClinicalTrials.gov, Identifier: NCT04570904, Registered on 30th 

eptember 2020. 

unding 

This work was supported by Sanofi Pasteur (grant number: 

QM0 0 019). Sanofi Pasteur had no involvement in the design of 

he study, the statistical analysis or the interpretation of the re- 

ults; however they were provided the opportunity to review the 

anuscript. The authors are solely responsible for final content 

nd interpretation. 

uthor’s contributions 

J.N. contributed to study design, data analysis and production 

f the manuscript. M.P. and J.T. contributed to study design, data 

nalysis and manuscript review. S.G.S., I.B. contributed to sample 

nalysis and manuscript review. D.P., C.A.M., A.S., C.G. and I.S. con- 

ributed to manuscript review. 

eclaration of Competing Interest 

SGS declares an NIH grant, OptumLabs research credits, partic- 

pation in Advisory Boards for influenza vaccines for Seqiris and 

anofi (no remuneration received), member of the WHO Strate- 

ic Advisory Group of Experts (SAGE) on Immunization Working 

roup on Influenza, and invited member of the National Influenza 

urveillance Committee. IB declares shares in an influenza vaccine 

anufacturing company. MP declares research grants paid to insti- 

ution from UKRI-MRC, NIHR and Gilead Sciences, and consulting 

ees from QIAGEN. 

cknowledgements 

The WHO Collaborating Centre for Reference and Research on 

nfluenza is supported by the Australian Government Department 

f Health and Aged Care. We thank the staff at the Centre who 

ompleted the HAI assays. 
e3 
eferences 

1. Worsley CM, van der Mescht MA, Hoffmann D, Meyer PWA, Ueckermann V, 

Rossouw TM. Decline in antibody responses to SARS-CoV-2 post-vaccination 

poses a risk to health care workers. J Infect 2022; 85 (3):334–63 . 
2. Kissling E, Valenciano M, Larrauri A, Oroszi B, Cohen JM, Nunes B, et al. Low

and decreasing vaccine effectiveness against influenza A(H3) in 2011/12 among 
vaccination target groups in Europe: results from the I-MOVE multicentre case—

control study. Eurosurveillance 2013; 18 (5):20390 . 
3. World Health Organization = Organisation mondiale de la S Weekly Epidemi- 

ological Record, 2020, vol. 95, 12 [full issue]. Weekly Epidemiological Record 

2020; 95 (12):105–16 . 
4. World Health O. Manual for the laboratory diagnosis and virological surveillance 

of influenza . Geneva: World Health Organization; 2011 . 
5. (CPMP) ECfPMP. Note for guidance on harmonisation of requirements for influenza 

vaccines . London, UK: The European Agency for the Evaluation of Medicinal 
Products; 1997 . 

6. Belongia EA, Skowronski DM, McLean HQ, Chambers C, Sundaram ME, De Ser- 
res G. Repeated annual influenza vaccination and vaccine effectiveness: review 

of evidence. Expert Rev Vaccines 2017; 16 (7):1–14 . 

7. Jang SH, Kang J. Factors associated with influenza vaccination uptake among 
U.S. adults: focus on nativity and race/ethnicity. Int J Environ Res Public Health 

2021; 18 (10) . 
8. Barbadoro P, Marigliano A, Di Tondo E, Chiatti C, Di Stanislao F, D’Errico MM,

et al. Determinants of influenza vaccination uptake among Italian healthcare 
workers. Hum Vaccin Immunother 2013; 9 (4):911–16 . 

9. Bai Y, Shi N, Lu Q, Yang L, Wang Z, Li L, et al. Immunological persistence of

a seasonal influenza vaccine in people more than 3 years old. Hum Vaccin Im- 
munother 2015; 11 (7):1648–53 . 

0. England PH Surveillance of influenza and other seasonal respiratory viruses in 
the UK Winter 2020 to 2021. Influenza Surveillance Section IaCD . National Infec- 

tion Service P, editor; 2021 . 

Joshua Nazareth 

Department of Respiratory Sciences, University of Leicester, UK 

Department of Infection and HIV Medicine, University Hospitals of 

Leicester NHS Trust, Leicester, UK 

Ian Barr, Sheena G. Sullivan 

The Peter Doherty Institute for Infection and Immunity, Melbourne, 

Australia 

Charles Goss 

Department of Occupational Health, University Hospitals of Leicester 

NHS Trust, Leicester, UK 

Daniel Pan, Christopher A. Martin 

Department of Respiratory Sciences, University of Leicester, UK 

Department of Infection and HIV Medicine, University Hospitals of 

Leicester NHS Trust, Leicester, UK 

Amandip Sahota, Iain Stephenson 

Department of Infection and HIV Medicine, University Hospitals of 

Leicester NHS Trust, Leicester, UK 

Julian W. Tang ∗

Department of Respiratory Sciences, University of Leicester, UK 

Department of Clinical Microbiology, University Hospitals of Leicester 

NHS Trust, Leicester, UK 

Manish Pareek ∗

Department of Respiratory Sciences, University of Leicester, UK 

Department of Infection and HIV Medicine, University Hospitals of 

Leicester NHS Trust, Leicester, UK 

∗Corresponding authors. 

E-mail addresses: julian.tang@uhl-tr.nhs.uk (J.W. Tang), 

mp426@le.ac.uk (M. Pareek) 

http://refhub.elsevier.com/S0163-4453(22)00604-1/sbref0001
http://refhub.elsevier.com/S0163-4453(22)00604-1/sbref0002
http://refhub.elsevier.com/S0163-4453(22)00604-1/sbref0003
http://refhub.elsevier.com/S0163-4453(22)00604-1/sbref0004
http://refhub.elsevier.com/S0163-4453(22)00604-1/sbref0005
http://refhub.elsevier.com/S0163-4453(22)00604-1/sbref0006
http://refhub.elsevier.com/S0163-4453(22)00604-1/sbref0007
http://refhub.elsevier.com/S0163-4453(22)00604-1/sbref0008
http://refhub.elsevier.com/S0163-4453(22)00604-1/sbref0009
http://refhub.elsevier.com/S0163-4453(22)00604-1/sbref0010
mailto:julian.tang@uhl-tr.nhs.uk
mailto:mp426@le.ac.uk

	Intra-season waning of immunity following the seasonal influenza vaccine in early and late vaccine recipients
	Ethics approval
	Study registration
	Funding
	Author’s contributions
	Declaration of Competing Interest
	Acknowledgements
	References


