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Abstract

Objectives: To characterize the epidemiology of repeat in-
fections and coinfections.
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Methods: We systematically analyzed influenza surveil-
lance data from three hospitals in China, focusing on pa-
tients with influenza-like illness (ILI) cases (symptom
duration<7 days) and laboratory confirmation (by RAT or
RT-PCR) between January 2023 and January 2024. There were
20,270 influenza-positive cases among 19,832 individuals
among 40,310 ILI cases. A total of 432 cases exhibited
recurrent influenza-positive detections within the study
period. Reinfections occurring within 14 days after initial
infection were classified as coinfections, while those beyond
14 days were defined as repeat infections.

Results: In this study, 102 cases (23.6 %) were identified as
coinfections and 330 cases (76.4 %) as sequential infections.
Among all repeat infections, 98.2 % (324/330) involved two
infection episodes, while 2.3 % (6/330) exhibited three epi-
sodes. Notably, 60.3 % (199/330) occurred within the same
influenza season.

Conclusions: Our study revealed that long-lasting flu is
possibly due to reinfection by the same or different types of
influenza in a very short time.
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Introduction

Influenza viruses cause seasonal epidemics, resulting in up
to half a million deaths globally each year [1]. Humans can
be infected by three kinds of influenza viruses: type A
(influenza A virus, IAV), type B (influenza B virus, IBV), and
type C (influenza C virus, ICV) [2]. Types A and B are iden-
tified as the main causes of significant human disease and
seasonal epidemics [3, 4]. While natural infection appears
to confer cross-protection against influenza types and
subtypes, repeat infections within or across seasons remain
surprisingly common [5-8]. Influenza epidemics add an
extra dimension to the complexity of understanding repeat
influenza [9]. This pattern raises clinical questions about
prolonged illness perceptions. Could rapid reinfection
create seamless symptom persistence without recovery
intervals?
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Advances in rapid antigen testing and RT-PCR avail-
ability now enable more frequent detection of recurrent
influenza cases, allowing differentiation between prolonged
illness and rapid reinfection scenarios [10].

China’s 2023 post-COVID-19 period witnessed two
distinct influenza outbreaks [11, 12]. Most ILI patients un-
dergo antigen/RT-PCR testing in acute care settings (fever
clinics, ERs, pediatrics, respiratory units), enabling
regional surveillance of sequential infections [13, 14]. Dur-
ing the 2023 winter peak, caregivers frequently reported
coinfection with influenza A/B and repeat infections. The
analysis of laboratory-confirmed influenza data from three
centers was conducted to determine the incidence of repeat
infections and coinfections, the time gap between in-
fections, and whether these factors vary by age or gender.
These data might increase our understanding of the cross-
protection and lasting immunity conferred by influenza
infection.

Methods
Population

This retrospective multicenter study analyzed acute care
data from three hospitals (the Second Affiliated Hospital of
TUTCM and Tianjin 4th Center Hospital in northern China;
the Third Affiliated Hospital of CMU in southern China). We
enrolled ILI patients with a symptom duration of <7 days
(January 2023-January 2024) and collected demographic
data and laboratory results. All records contained anony-
mized unique identifiers with age and sex data.

We defined repeat infections as influenza in the same in-
dividual caused by distinct influenza types occurring more than
14 days after initial diagnosis. This is due to the likelihood that
the virus shedding from the initial infection has ceased [15-17].
Two infections in a row were defined as X-Y, where X is the
primary infection type and Y is the secondary infection type.

We defined coinfections as test results for different
influenza types with onset dates within 14 days of the orig-
inal diagnosis [15]. Cases with coinfections occurring on the
same day were classified as XY, while those occurring more
than 7 days but less than 14 days after the initial diagnosis
were classified as X/Y. X is the type of primary infection and Y
is the type of secondary infection.

The inclusion criterion was as follows: all-age ILI pa-
tients presenting to three acute care centers (January 2023-
January 2024) with <7 days of symptom duration confirmed
by the RAT or RT-PCR. The exclusion criterion was patients
whose laboratory data were missing.
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Statistical analysis

Epidemic curves were generated via weekly counts. To
determine the cumulative incidence of reinfection, we used
Kaplan-Meier analysis (R 4.3.2). Cox regression was used to
estimate the hazard ratios for reinfection by gender and age
group (SPSS version 25) [18].

Ethical approval

The authors ensure that the work described has been carried
out in accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki) for experi-
ments involving humans. The manuscript is in line with the
Recommendations for the Conduct, Reporting, Editing and
Publication of Scholarly Work in Medical Journals and aims
for the inclusion of representative human populations (sex,
age and ethnicity) as per those recommendations. This study
received ethnic waiver from the Ethics Committee of the
Second Affiliated Hospital of Tianjin University of Tradi-
tional Chinese Medicine (Reference number: 2023-025-01-2,
Date: 5-23-2023), and informed consent was waived by the
ethics committee. The privacy rights of human subjects were
observed.

Results

There were 20,270 influenza-positive cases among 19,832
individuals among 40,310 influenza-like illness cases. Among
the total cases, 60.8 % (n=12,331) were type A, 39.2 % (n=7,939)
were type B, 49.9% (n=10,117) were female, and 50.1%
(n=10,153) were male. A total of 9.9 % (n=1,997) were aged<5
years, 47.8 % (n=9,690) were aged 5-17 years, 38.9 % (n=7,882)
were aged 18-64 years, and 3.5 % (n=701) were aged 265
years. A total of 2.2 % (n=432) had more than one influenza
infection; 23.6 % (n=102) had coinfections, and 76.4 % (n=330)
had repeat infections. The detailed characteristics are shown
in Figure 1.

Repeat infections

At least two infections occurring within the same
influenza season

A total of 199 (60.3 %) repeat infections were found within
the same season (spring or winter). A total of 182 cases were
type A-B (91.5 %), 9 cases were B-A (4.5 %), three were type
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Figure 1: Influenza cases in two consecutive influenza seasons. Notes: X-axis: time. Y-axis: number of influenza A or B cases. Area chart: Distribution of
influenza A and influenza B. Dots: Distribution of coinfections. Horizontal lines: Distribution of repeat infections.

A-A (1.5%), two were type B-B (1.0 %), one was type A-B
(0.5 %), A-B-B (0.5 %), and AB-B (0.5 %) accounted for 1 case.

Repeat infections over two influenza seasons

Most individuals (98.4 %, n=19,194) had one positive result.
The detection of multiple positive results among individuals
became more common with the increase in total influenza
cases and the duration of the epidemic. A total of 131 in-
dividuals had more than one influenza infection in 2023;
among them, 128 individuals had two infections, and three
individuals had three infections. Among 93 consecutive type
A-B infections, 71 % were the most common, followed by A-A
(26.0 %, n=34), A-A-B (2.3%, n=3), and B-B (0.8 %, n=1)
infections.

Cumulative incidence of repeat infections

Figure 2 presents the Kaplan-Meier curve for the cumulative
incidence of repeat infections. The incidence rates of rein-
fection 5 weeks after a previous infection for the whole

sample were 0.8 %, 1.3 % after 10 weeks, 3.7 % after 40 weeks,
and 4.9 % after 45 weeks (Figure 2A).

The cumulative incidence did not differ significantly by
gender (p=0.366); after 5 weeks, it was 0.9 and 0.6 %, 1.5 and
1.0 % after 10 weeks, 3.6 and 3.8 % after 40 weeks, and 5.2 and
4.7% after 45 weeks for males and females, respectively
(Figure 2B).

The cumulative incidence was highest among those aged
under 18 years and differed by age (p<0.001). For children
aged under 5 years, the cumulative incidence rates were 0.9,
1.3, 5.2 and 7.6 % after five, ten, forty and forty—five weeks,
respectively. For 5-17 years, it was 1.3, 2.1, 5.2 and 6.8 %; for
18-64 years, itwas 0.1, 0.2, 0.6 and 0.6 %; and for=65 years, it
was 0.3, 0.3, 0.3 and 0.3 %. The risk was tenfold higher in
individuals under 18 compared to adults (hazard ratio (HR)
9.92, 95 % confidence interval (CI) 6.16-15.97) (Figure 2C).

The distribution of consecutive infections after initial
infection is described in Table 1.

Coinfections

Among all coinfections (n=102, 0.5 % of all cases), the ma-
jority were detected in the same test samples (n=96, 94.1 %),
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and the remainder were detected at different visits (Table 2).
The majority of coinfections were type AB (n=96, 94.1% of and type B/A (n=2, 2.0 % of total coinfections) coinfections.
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Figure 2: Kaplan-Meier plots displaying cumu-
lative incidence of repeat infections. Notes: 2A:
Cumulative incidence of repeat infections in
the whole sample. 2B: Cumulative incidence of
repeat infections by gender. 2C: Cumulative
incidence of repeat infections by age. P
(repeat): probability (cumulative incidence) of
repeat infections. Shading indicates the 95 %
confidence interval.

total coinfections), type A/B (n=4, 3.9 % of total coinfections),
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Table 1: Distribution of repeat infections.

Overall Same season Consecutive seasons
(n=330) (n=199) (n=131)
Type, no. (%)
A-A 37 (11.2) 3(1.5) 34(71.0)
A-B 275 (83.3) 182 (91.5) 93 (26.0)
B-A 9(2.7) 9 (4.5) None
B-B 3(0.9) 2(1.0) 1(0.8)
A-A-B 4(1.0) 1(0.5) 3(2.3)
A-B-B 1(0.3) 1(0.5) None
AB-B 1(0.3) 1(0.5) None
Gender, no. (%)
Male 192 (58.2) 119 (59.8) 73 (55.7)
Female 138 (41.8) 80 (40.2) 58 (44.3)
Age, no. (%)
<5 46 (13.9) 21 (10.6) 25(19.1)
5-17 266 (80.6) 164 (82.4) 102 (77.9)
18-64 16 (4.8) 12 (6.0) 4(3.1)
65+ 2 (0.6) 2(1.0) None

Same season: Repeat infections occurring within the same influenza season
(spring or winter), with an interval of less than 90 days. Consecutive
seasons: Repeat infections occurring across two influenza seasons (from
spring to winter), with an interval of more than 180 days.

Table 2: Distribution of coinfections.

Overall (n=102)

Type, no. (%)

AB 96 (94.1)
A/B 4(3.9)
B/A 2(2.0)

Gender, no. (%)

Male 50 (49.0)
Female 52 (51.0)
Age, no. (%)

<5 10 (9.8)
5.17 53 (52.0)
18-64 33(32.4)
65+ 6(5.9)
Discussion

Our analysis revealed 0.5 % coinfection and 1.6 % reinfection
rates among influenza patients. Pediatric patients (<18
years) are at increased risk of consecutive infection. Our
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study revealed that long-lasting flu is possibly due to rein-
fection by the same or different types of influenza in a very
short time. This finding aligns with previous research con-
ducted in Queensland, Australia, further supporting our
conclusions and enhancing the accuracy and reliability of
these results [15]. However, it should be noted that system-
atic research on repeated influenza infections remains
relatively limited.

During the study period, influenza types A-B were the
most prevalent. The predominant subtypes shifted from
influenza A (HIN1) in spring, followed by influenza A (H3N2)
and influenza B (Victoria) consecutively during the winter
season. In most cases, it seems to be the same type, and even
different types of protection exist. Type B influenza in-
fections are associated with less severe disease in adults [19],
which may reduce their likelihood of seeking medical care
and thus being included in adult case counts. In contrast,
prolonged illness in children prompted frequent ER visits,
leading to a high number of confirmed cases documented in
this study.

Type A-B or B-A infections within the same season were
frequently observed. Among the 330 cases of reinfection
documented within one year, 199 occurred within 3 months of
the initial infection. Notably, cases of three consecutive
influenza infections in the same season were identified, with
affected patients reporting persistent symptoms resembling
unrelenting influenza illness. A small clinical study in healthy
adults demonstrated that reinfection did not elicit overt
clinical symptoms [20]. However, the true burden of reinfec-
tion is likely underestimated, as patients with nonspecific or
mild symptoms are less inclined to seek hospital care, and
clinicians often refrain from ordering diagnostic testing for
individuals without a recent history of influenza.

Consecutive infections were most prevalent across all
pediatric age groups (under five and under 18 years), con-
tradicting previous findings [15]. Despite multiple prior
influenza exposures, children under 18 years of age main-
tained significantly higher incidence rates than adults did.
This may correlate with immature immune development in
children, resulting in diminished durability of protective
immunity compared with that in adults [21]. Notably, even
adults over 65 years of age presented low repeat infection
rates during the 2023 season — another deviation from his-
torical patterns.

Coinfections were rare in spring but more prevalent
during winter, likely because of the threefold longer dura-
tion of the season and the viral shift from influenza A (H3N2)
to B (Victoria) (comparable case numbers). Pediatric cases
were not associated with cardiopathy or mortality.
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The occurrence of repeat infections may be associated
with the rapid evolution of influenza virus through antigenic
shift and antigenic variation. The biophysical consequences
resulting from amino acid changes introduced by antigenic
drift vary across different subtypes and among different
antigenic sites [22]. Waning immunity may also lead to a
considerable portion of the population becoming susceptible
again [23]. Furthermore, high community transmission rates
in both consecutive seasons could have increased the prob-
ability of repeat infections. The increased likelihood of
repeat infections underscores the necessity for repeated
influenza vaccination. Current evidence indicates that
revaccinated individuals achieve clinical protection levels
comparable to those of first-time vaccinated individuals [24].
However, supporting studies remain limited. Consequently,
future research should prioritize investigating the underly-
ing mechanisms of repeat infections and their relationship
with vaccination efficacy.

This study was medical center-based, and influenza was
tested in most ILI patients; therefore, our data reflect field
conditions. A substantial number of cases were observed
over a relatively short period. However, the retrospective
analysis of laboratory data in this study is subject to several
limitations. First, the 14-day cutoff used to define reinfection
may not be universally applicable across all individuals.
Second, repeat influenza infections often lead to less severe
symptoms [15]. This reduction in symptom severity can
lower the probability of individuals seeking medical care.
Third, physicians are less likely to order influenza testing for
patients who have been recently diagnosed with the illness.
Fourth, during the study period, outpatient and emergency
departments in some participating centers were restricted to
testing for COVID-19 and influenza viruses only. Conse-
quently, data on the incidence of coinfections with other
respiratory pathogens could not be acquired. Fifth, there are
issues with patient identification across different centers.
Unique patient identifiers lack consistency. Some in-
dividuals may have multiple identifiers within the same
center, and different centers may use different identification
systems. These factors may lead to an underestimation of the
rates of repeat infection and coinfection. Moreover, this
study did not assess influenza subtypes or clinical severity.
This prevented the analysis of strain-specific mechanisms
and whether repeat infections exacerbate disease manifes-
tations, which remains an essential area for further
investigation.

Our study demonstrated that consecutive influenza
infections can occur. Moreover, repeated infections within
the same influenza season are not only possible but also
relatively common, particularly during extended influenza
seasons. Prolonged influenza illness may be attributed to

DE GRUYTER

repeated influenza infections. Patients who have recently
recovered from influenza within the same influenza season
present with ILI symptoms in a manner indistinguishable
from those without a recent influenza history. Therefore,
relevant diagnostic tests should be ordered for such
patients.
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