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Abstract 

Background: Influenza is a globally prevalent infectious disease caused by influenza viruses, 

affecting individuals across all age groups. Influenza vaccination is the most effective method for 

preventing influenza. Vaccine Effectiveness (VE) is used to assess the real-world effectiveness of 

vaccines. Currently, there is no data on the effectiveness of influenza vaccination in Wuhan. This 

study employed a test-negative case-control design to evaluate the VE of influenza vaccination in 

Wuhan during the 2024-2025 season. Methods: A test-negative case-control design was used. Patients 

presenting with influenza-like illness (ILI) who underwent influenza virus RT-PCR testing at 

outpatient or emergency departments of 41 medical institutions in Wuhan were selected and 

classified into case (influenza virus RT-PCR positive) and control (influenza virus RT-PCR negative) 

groups. Results: This study included 23,302 influenza virus RT-PCR positive cases and 99,424 

negative controls. The overall adjusted VE was 35% (95% CI: 30%-40%). Among age groups, the 

adjusted VE was highest in adults aged 19-59 years and 60-69 years, at 63% (95% CI: 50%-73%) and 

60.7% (95% CI: 46%-72%), respectively. The VE was relatively lower in children and adolescents aged 

0.5-5 years and 6-18 years, at 25% (95% CI: 17%-33%) and 25% (95% CI: 14%-36%), respectively. 

Regarding vaccination strategy, the VE for vaccination in both consecutive seasons and vaccination 

in the current season only were similar, at 42% (95% CI: 28%-54%) and 40% (95% CI: 36%-45%), 

respectively, while VE for vaccination in the previous season only was 20% (95% CI: 14%-26%). 

Among vaccination months, protection was highest for vaccination in November, with a VE of 46.1% 

(95% CI: 36.4%-54.6%). Conclusions: Vaccination in both consecutive seasons and vaccination in the 

current season only provided better protective effectiveness compared to vaccination in the previous 

season only (42% vs. 20%). The protective effectiveness of influenza vaccination in November was 

superior to other months.  

Keywords: influenza; vaccine effectiveness; test-negative design 

 

1. Introduction 

Influenza is a globally prevalent infectious disease caused by influenza viruses, affecting all age 

groups. Studies have shown that approximately 500,000 deaths worldwide are associated with 

influenza annually, with about 90% of influenza-related deaths occurring in individuals aged ≥65 

years[1–4]. Influenza vaccination is the most effective method for preventing influenza [5], 

significantly reducing the risk of illness in the population [6]. In China, influenza vaccines are not 
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included in the national immunization program, and vaccination coverage is relatively low, at 3.16% 

in the 2020/21 season and 2.47% in the 2021/22 season [7], posing a substantial burden on global public 

health. VE is used to assess the real-world effectiveness of vaccines, particularly their practical 

effectiveness against continuously evolving and circulating influenza viruses[8]. Currently, there is 

no data on the VE of influenza vaccination in Wuhan. Therefore, this study aimed to evaluate the VE 

of influenza vaccination in Wuhan during the 2024-2025 season using a test-negative case-control 

design. 

The test-negative case-control design is a modification of the traditional case-control study[9]. It 

has been widely used in recent years for evaluating vaccine VE. This design enables timely estimation 

of VE during the early, middle, and late stages of the influenza season and effectively reduces bias 

arising from healthcare-seeking behavior and disease misclassification[10]. It has been applied for 

annual VE monitoring in several countries, including the United States[11], Canada [12], and 

Australia [13]. 

2. Materials and Methods 

2.1. Study Subjects 

Cases were sourced from outpatient and emergency departments of 41 hospitals (at or above the 

secondary level) in Wuhan that conducted influenza virus RT-PCR testing, see Table A1. Based on 

the seasonality of influenza epidemics in Wuhan, the enrollment period was from October 1, 2024, to 

April 30, 2025. According to the National Influenza Surveillance Technical Guidelines (2017 

Edition)[14], patients meeting the definition of influenza-like illness (ILI) — fever (body temperature 

≥38°C) accompanied by cough or sore throat — who underwent influenza virus RT-PCR testing and 

were older than 6 months were included in the study. Basic demographic information of the patients, 

including sex and age, as well as the testing date and test results, were collected. 

2.2. Vaccination Status 

The virus strains recommended by the WHO for the 2024-2005 Northern Hemisphere influenza 

season were: A(H1N1)pdm09: A/Victoria/4897/2022 (H1N1)pdm09-like virus; A(H3N2): 

A/Thailand/8/2022 (H3N2)-like virus; B/Victoria: B/Austria/1359417/2021 (B/Victoria lineage)-like 

virus[15]. In China, trivalent inactivated influenza vaccine (IIV3), quadrivalent inactivated influenza 

vaccine (IIV4), and trivalent live attenuated influenza vaccine (LAIV3) are used, with LAIV3 

administered only to children aged 3-17 years[16]. Patient vaccination information, including vaccine 

type (IIV3, IIV4, or LAIV3) and vaccination date, was obtained by querying the immunization 

planning information management system using the patient's identity card (ID). According to 

Wuhan's vaccination policy, vaccination in the current season was defined as receiving the influenza 

vaccine between July 1, 2024, and March 31, 2025. Vaccination in the previous season was defined as 

receiving the influenza vaccine between July 1, 2023, and June 30, 2024. To explore the impact of 

vaccination on VE, participants' vaccination status was categorized into four types: unvaccinated, 

vaccinated in both seasons, vaccinated only in the previous season(2023-2024), and vaccinated only 

in the current season(2024-2025). Patients who had received an influenza vaccine at least 14 days 

before their visit were considered immunized. Influenza vaccines administered within 14 days before 

the visit were excluded from the analysis. 

2.3. Statistical Analysis 

The test-negative case-control design method was used. Characteristics of the influenza RT-PCR-

positive case group and the RT-PCR-negative control group were compared, stratified by influenza 

virus type, vaccine type, and age group. The χ2 test was used to compare differences, with a 

significance level set at P < 0.05. Conditional logistic regression was used to estimate the odds ratio 

(OR) for influenza vaccination within each subgroup of cases and controls, adjusting for sex and age, 

and to calculate the adjusted VE, with VE = (1 − OR) × 100%. Statistical significance was determined 
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when the lower bound of the 95% confidence interval (CI) for VE was greater than zero. Statistical 

analyses were performed using R version 4.5.1. 

3. Results 

3.1. Baseline Characteristics 

A total of 122,726 ILI patients were included in the study, consisting of 23,302 RT-PCR-positive 

cases and 99,424 negative controls. Among the confirmed cases, 99.2% (23,1266/23,302) were from 

tertiary hospitals, while 0.8% (176/23,302) were from secondary hospitals. The proportion of males in 

the case group (50.6%, 11,789/23,302) was lower than that in the control group (52.1%, 51,846/99,424). 

Regarding age distribution, 32.2% of cases were aged 19–59 years, and 22.1% were aged ≥70 years. 

The overall influenza vaccination rate was 5.93% (7,273/122,726), with a vaccination rate of 3.7% 

(851/23,302) in the case group and 6.5% (6,422/99,424) in the control group. In terms of vaccine types, 

the IIV4 vaccination rate in the case group was 3.3% (764/23,302), and the LAIV3 vaccination rate was 

0.4% (87/23,302). In the control group, the IIV3 vaccination rate was 0.001% (6/99,424), the IIV4 

vaccination rate was 5.92% (5,881/99,424), and the LAIV3 vaccination rate was 0.5% (535/99,424). All 

differences were statistically significant, except for vaccine type. See Table 1. 

Table 1. Demographic characteristics of influenza test-positive and test-negative patients*. 

Characteristics Cases[n(%)] Controls[n(%)] X2 P 

Total 23302 99424   

Hospital     

Secondary 176(0.8) 1527 (1.5) 
84.050 <0.001 

Tertiary  23126 (99.2) 97262 (98.5) 

Sex     

Male 11789 (50.6) 51846 (52.1) 
18.201 ＜0.001 

Female 11513 (49.4) 47578 (47.9) 

Age group     

0.5-5 4156 (17.8) 25486 (25.6) 

802.765 <0.001 

6-18 2936 (12.6) 13923 (14) 

19-59 7498 (32.2) 26107 (26.3) 

60-69 3572 (15.3) 13808 (13.9) 

70+ 5140 (22.1) 20100 (20.2) 

Vaccinated in 2024/2025 season     

Yes 851 (3.7) 6422 (6.5) 
266.327 ＜0.001 

No 22451 (96.3) 93002 (93.5) 

Types of Vaccines     

IIV3 0 6 (0.001) 

4.208 0.122 IIV4 764 (3.3) 5881 (5.92) 

LAIV3 87 (0.4) 535 (0.54) 

3.2. Weekly Distribution of Influenza Detection 

Among RT-PCR-positive cases, influenza A accounted for 99.51% (23,187/23,302), influenza B 

for 0.33% (76/23,302), and A/B co-infection for 0.17% (39/23,302). The number of influenza-positive 

cases and the positivity rate increased initially, peaking in week 1 of 2025 (49.21%, 5,225/10,617), and 
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then decreased. By week 13 of 2025, the positivity rate dropped to 0.86% (28/3,244), indicating the 

influenza epidemic in Wuhan had effectively ended. See Figure 1. 

 

Figure 1. Weekly number of influenza infections and influenza positivity rate in 41 hospitals in Wuhan. 

3.3. Influenza Vaccine Effectiveness 

3.3.1. VE by Age Group, Vaccine Type, and Influenza Subtype 

The adjusted overall VE for the 2024–2025 season was 35% (95% CI: 30.1%-39.8%). Among age 

groups, VE was lower in children aged 0.5–5 years (25%, 95% CI: 17%-33%) and 6–18 years (25%, 95% 

CI: 14%-36%). VE was highest in adults aged 19–59 years (63%, 95% CI: 50%-73%) and 60–69 years 

(61%, 95% CI: 46%-72%). Among vaccine types, VE for IIV4 was 37% (95% CI: 32%-42%), for IIV3 was 

68% (95% CI: -466%-98%), and for LAIV3 (ages 3-17 only) was 18% (95% CI: -4%-36%). For influenza 

virus subtypes, VE against influenza A was 35% (95% CI: 30%-40%), and against influenza B was 46% 

(95% CI: -76%-91%). See Figure 2. 

 

Figure 2. Vaccine effectiveness in different subgroups (Adjusted for age and sex)*. 

3.3.2. VE by Influenza Season and Vaccination Month 
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Across different influenza seasons, VE was highest for vaccination in both consecutive seasons 

(42%, 95% CI: 28%-54%) and for vaccination in the current season only (40%, 95% CI: 36%-45%), while 

it was lowest for vaccination in the previous season only (20%, 95% CI: 14%-26%). Among different 

vaccination months, VE was highest for vaccination in November at 46% (95% CI: 36%-55%), and 

lowest for vaccination in August at 27% (95% CI: 17%-37%). See Figure 3. 

 

Figure 3. VE stratified by vaccination status in the current (2024/25) and previous (2023/24) seasons, and by 

vaccination month (*Adjusted for age and sex)*. 

4. Discussion 

This study represents the first evaluation of influenza vaccine effectiveness (VE) in Wuhan, using 

the widely adopted test-negative case-control design. The influenza vaccination rate in Wuhan 

during the 2024/25 season was 5.9%, which is relatively low compared to other regions. For context, 

the vaccination rate in China was 3.16% in the 2020/21 season and 2.47% in the 2021/22 season, far 

lower than the 49.3% vaccination rate for individuals aged ≥6 months in the United States during the 

2022/23 epidemic season[17]. This discrepancy may be attributed to differences in vaccine promotion 

and public perceptions, as seasonal influenza vaccination is often seen as less critical in China. 

The overall adjusted VE for influenza vaccination in Wuhan during the 2024–2025 season was 

35%, which is lower than the VE observed in Chongqing during the 2018–2022 epidemic season 

(44.4%)[18]and in Hangzhou during the 2023–2024 season (48%) [19]. This VE is comparable to 

interim VE estimates from 16 European countries for the 2022/23 season (28%–46%) [20]. The higher 

VE in the 19–59 age group (63%, 95% CI: 50%–73%) likely reflects better immune resistance and health 

status in this population compared to other age groups[21]. In contrast, VE was lower in children 

aged 0.5–5 years (25%, 95% CI: 17%–33%) and in adolescents aged 6–18 years (25%, 95% CI: 14%–

36%). These findings are consistent with studies in other regions of China, where lower VE in children 

may be attributed to the relatively underdeveloped immune systems in younger populations [22,23]. 

The VE in older adults aged 60–69 years (60.7%, 95% CI: 46%–72%) was second only to that in the 19–

59 age group, highlighting the importance of promoting influenza vaccination in high-risk groups, 

such as the elderly[24]. This is consistent with recommendations from Liao et al.[25], who suggested 

prioritizing vaccination for individuals aged >60 years and children aged 6–59 months. 

This study also found that vaccination in both consecutive seasons or in the current season only 

provided better protection compared to no vaccination. This is in line with the recommendations of 

the Technical Guidelines for Seasonal Influenza Vaccination in China, which advocate for annual 

vaccination[26]. The higher VE values for those vaccinated in both the current and previous seasons 

may reflect the cumulative effect of repeated vaccinations. However, some studies have shown that 

annual consecutive influenza vaccination may not provide an additive immune effect and could 

potentially weaken immune responses over time due to changes in immune memory and the body's 

adaptive responses to repeated vaccinations[27]. Additionally, the study found that the protective 

effectiveness was highest for those vaccinated in November (46%, 95% CI: 36%–55%) and lowest for 
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those vaccinated in August (27%, 95% CI: 17%–37%). This highlights the need for further optimization 

of vaccination timing, which may enhance overall vaccine effectiveness. Additional research is 

required to better understand the influence of vaccination timing and frequency on VE. 

In summary, influenza vaccination provided significant protection for the population in Wuhan 

during the 2024–2025 epidemic season, particularly among adults. To further enhance overall vaccine 

effectiveness, it is recommended to continue strengthening influenza vaccination campaigns, with a 

focus on increasing coverage among children and adolescents. In addition, optimizing vaccination 

timing and encouraging timely annual vaccination should be prioritized. 

Limitations: This study did not include genetic subtyping of circulating influenza A strains (e.g., 

A(H1N1)pdm09 and A(H3N2)), which could have provided additional insights into strain-specific 

VE. Furthermore, the lack of detailed patient information, including residential address, chronic 

disease status, date of symptom onset, and antiviral drug use, may have impacted the accuracy of VE 

calculations. 

5. Conclusions 

This study demonstrates that influenza vaccination provided protection during the 2024–2025 

epidemic season in Wuhan. The VE was highest among adults, with vaccination in both consecutive 

seasons or in the current season offering optimal protection. Additionally, vaccination in November 

proved to be the most effective, highlighting the importance of timely vaccination. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. 
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Appendix A 

Table A1. Source Hospitals and Number of Cases. 

Hospital 

Level 
Hospital Name 

Number Tested 

by RT-PCR 

Secondary  1703 

 Wuhan NO.9 Hospital 969 

 Hubei RongJun Hospital 655 

 Wuhan East Lake Hospital 55 

 Wuhan Red Cross Hospital 24 

Tertiary   121023 

 Wuhan Pulmonary Hospital 382 

 Hubei Government Hospital 239 

 The First People’s Hospital Of Jiangxia District, Wuhan City 160 

 People's Liberation Army Airborne Corps Hospital 17 

 Hospital of Wuhan University of Science and Technology 17 

 Wuhan Children’s Hospital 14223 

 The Central Hospital Of Wuhan 13135 

 Wuhan NO.1 Hospital 12812 

 Maternal and Child Health Hospital Of Hubei Province 10753 

 
Union Hospital, Tongji Medical College, Huazhong University of 

Science and Technology 
8699 

 
Tongji Hospital, Tongji Medical College, Huazhong University of 

Science and Technology 
6496 

 Wuhan Puren Hospital 6195 

 The Fifth Hospital Of Wuhan 5543 

 The Forth Hospital Of Wuhan 4350 

 China Resources & Wuhan Iron and Steel General Hospital 3775 

 Zhongnan Hospital Of Wuhan University 3476 

 The Third People’s Hospital Of Hubei Province 2635 

 
Tianyou Hospital Affiliated To Wuhan University Of Science & 

Technology 
2003 

  Wuhan Third Hospital 1821 

 Hubei Provincial Hospital of TCM 1418 

  Wuhan Jinyintan Hospital 852 

 General Hospital of Central Theater Command 696 

 Wuhan Hospital Of Traditional Chinese Medicine 504 

 Hubei General Hospital 118 

 Hubei Cancer Hospital 2 

 Wuhan Caidian District People's Hospital 3325 

 Wuhan Asia General Hospital 2778 

 Taikang Tongji (Wuhan ) Hospital 2176 

 The Eight Hospital Of Wuhan 1445 

 Wuhan Hankou Hospital  1120 

 Wuhan Taikang Hospital 59 

 
Geriatric Hospital Affiliated to Wuhan University of Science and 

Technology 
8 

 Wuhan Huangpi District People’s Hospital 6075 

 Wuhan Dongxihu District People’s Hospital 2681 

 The Sixth Hospital Of Wuhan 606 

 THE SECOND HOSPITAL OF WISCO 384 

 Wuhan Hanyang Hospital 45 

Total  122726 
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