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ABSTRACT
Background: Seroepidemiological studies provide estimates of population-level immunity, prevalence/incidence of infections, 
and evaluation of vaccination programs. We assessed the seroprevalence of protective antibodies against influenza and evaluated 
the correlation of seroprevalence with the cumulative annual influenza incidence rate.
Methods: We conducted an annual repeated cross-sectional seroepidemiological survey, during June–August, from 2014 to 
2019, in Portugal. A total of 4326 sera from all age groups, sex, and regions was tested by hemagglutination inhibition assay. 
Seroprevalence and geometric mean titers (GMT) of protective antibodies against influenza were assessed by age group, sex, and 
vaccine status (65+ years old). The association between summer annual seroprevalence and the difference of influenza incidence 
rates between one season and the previous one was measured by Pearson correlation coefficient (r).
Results: Significant differences in seroprevalence of protective antibodies against influenza were observed in the population. 
Higher seroprevalence and GMT for A(H1N1)pdm09 and A(H3N2) were observed in children (5–14); influenza B seroprevalence 
in adults 65+ was 1.6–4.4 times than in children (0–4). Vaccinated participants (65+) showed significant higher seroprevalence/
GMT for influenza. A strong negative and significant correlation was found between seroprevalence and ILI incidence rate for 
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A(H1N1)pdm09 in children between 5 and 14 (r = −0.84; 95% CI, −0.98 to −0.07); a weak negative correlation was observed for 
A(H3N2) and B/Yamagata (r ≤ −0.1).
Conclusions: The study provides new insight into the anti-influenza antibodies seroprevalence measured in summer on the ILI 
incidence rate in the next season and the need for adjusted preventive health care measures to prevent influenza infection and 
transmission.

1   |   Introduction

Seroepidemiological studies gained huge relevance during the 
response to the influenza and COVID-19 pandemics, helping to 
assess past infection history, providing estimates of population-
level immunity, estimating the prevalence or incidence of in-
fections (symptomatic and asymptomatic), and evaluating the 
impact of vaccination programs [1, 2].

The influenza immunity in the population is dynamic, not only 
due to the influenza (sub)types alternation in circulation in each 
season but also due to the virus evolution and adaptation. The 
seroprevalence of protective antibodies against influenza has 
a changing pattern, thus varying the baseline age-specific im-
munity in the population [3]. The contact with the circulating 
virus and the vaccination boost the population's immunity in 
each season; however, viral antigenic drift, natural waning im-
munity, immune imprinting, and immunosenescence are major 
contributing factors to increasing infection susceptibility [4].

Seroprevalence is an epidemiological tool to understand the 
annual incidence and to evaluate susceptibility to influenza 
[5]. Although few national influenza surveillance programs 
integrate annual serological surveys, these should play an es-
sential role in influenza national and international surveillance 
systems [6–8]. The present study aimed to assess the seropreva-
lence of protective antibodies against influenza virus (naturally 
acquired or induced after vaccination) and to evaluate the cor-
relation of seroprevalence measured in summer with the influ-
enza like-illness rate in the following influenza season.

2   |   Methods

In this study, we have conducted an annual repeated cross-
sectional seroepidemiological survey to assess the seroprev-
alence of protective antibodies against influenza A(H1N1)
pdm09, A(H3N2), B/Victoria, and B/Yamagata, from 2014 to 
2019, in Portugal's mainland and the Atlantic Islands of Azores 
and Madeira. Seroprevalence was calculated by age group, sex, 
vaccine status, and by health administrative region. We also 
evaluated the correlation between seroprevalence measured in 
summer and the difference of influenza incidence rates between 
one season and the previous one for each influenza virus (sub)
type.

2.1   |   Sampling

Sixteen laboratories from the Portuguese Laboratory Network 
for Influenza Diagnosis selected convenience residual sera, 
according to age and both sexes, between June and August, 

annually from 2014 to 2019, and provided them irreversibly ano-
nymized to the national reference laboratory.

Individual sera were selected from all age groups (0–4, 5–14, 
15–44, 45–64, and 65+ years old), both genders, from all 
health regions of Portugal: Norte, Centro, Lisboa and Vale do 
Tejo, Alentejo, Algarve, Azores (São Miguel and Terceira), and 
Madeira islands. Data on age/date of birth, sex, and district of 
residence/sample collection were registered; before sera ano-
nymization, the data on previous-season seasonal influenza 
vaccine uptake was accessed and recorded for sera from patients 
65+ years old (yo), selected from 2017 to 2019. All samples were 
tested for the detection of antibodies against seasonal influenza 
viruses by hemagglutination inhibition (HAI) assay [9], using the 
vaccine strains recommended by the World Health Organization 
(WHO) for the Northern Hemisphere influenza vaccine, from 
2014 to 2019 [10] and new influenza variant viruses, described 
in the supporting information (Laboratory methods: Serological 
assay and Table S1).

2.2   |   ILI Incidence

Seasonal ILI incidence rates were estimated for each age group 
and influenza season using data provided by the Portuguese 
general practitioners' (GPs') sentinel network that has reported 
the number of ILI cases on a weekly basis and is the national ILI 
incidence rate indicator [11]. As numerators were considered all 
ILI cases that have met ECDC ILI definition [12] with symptoms 
onset dates falling between start of week 40 of one year and end 
of week 20 of the following year. The denominator consisted on 
the average of the population under observation within the GPs' 
sentinel network during the same periods. Seasonal influenza 
incidence rates by age group were calculated by multiplying the 
proportion influenza positive cases (detected by the National 
Influenza Surveillance Program) by the seasonal ILI incidence 
rate, to obtain a proxy for seasonal influenza incidence rates by 
subtype and lineage.

2.3   |   Data Analysis

Seroprevalence estimates were presented with respective 95% 
confidence intervals (95% CI). Differences between groups (sex, 
age groups, vaccine status, and region) regarding the proportion 
of sera with an antibody titer considered protective (titer ≥ 40) were 
tested using the chi-square test, while differences in titers between 
groups were evaluated using the Kruskal–Wallis test. The level of 
significance was set at 5%. Seroprevalence and geometric mean 
titer (GMT) ratios were calculated for sex, age group, vaccine sta-
tus, and region, considering the reference groups: female, 0–4 yo, 
nonvaccinated, and Norte region, respectively. All statistical 
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analyses were performed in R version 3.0.3. Pearson correlation 
coefficient (two-way linear association) for seroprevalence mea-
sured in summer and the difference of influenza incidence rates 
between one season and the previous one was calculated for the 
overall population and by age group (0–4, 5–14, 15–64, and 65+). 
Correlation coefficient thresholds were defined as follow: weak 
(r values from 0 to 0.39 or 0 to −0.39), moderate (r from 0.40 to 0.59 
or −0.40 to −0.59), and strong (r from 0.60 to 1 or −0.60 to −1) [13].

2.4   |   Ethics

The sera samples were irreversibly anonymized at each hospital 
laboratory; the recorded data do not enable the identification of the 
patient. The present study follows the international ethical guide-
lines according to the World Medical Association Declaration of 
Helsinki and was approved by the Health Ethic Committee for 
Health of the National Institute of Health Dr. Ricardo Jorge (ref. 
13/3/2014) and renewed each year, from 2014 to 2019. The study 
was also approved by the Health Ethic Committee of Hospital of 
Divino Espírito Santo de Ponta Delgada (ref. 582/CES/2014).

3   |   Results

From 2014 to 2019, 4326 sera were selected from the Portuguese 
population. The proportions of selected sera were maintained 
over the 6-year study. A range of 800 (18.5%) to 901 (20.8%) sera 
were selected from each age group (0–4, 5–14, 15–44, 45–64, and 
65+), and 2181 (51.6%) were from females. From 2017 to 2019, 
139 (56.5%) sera from 65+ yo were from vaccinated individuals. 
Sera selection was carried out, according to the geographic dis-
tribution of the population (Table 1).

3.1   |   Overall Seroprevalence

During the study period, the annual overall seroprevalence for 
the contemporary vaccine strains of each influenza subtype and 
lineage varied over time. Seroprevalence and GMT were signifi-
cantly different for each influenza virus. During 2014, 2015, and 
2017, higher seroprevalence rates were observed for influenza 
A(H3N2). During 2016, 2018, and 2019, higher seroprevalence 
rates were detected for B/Victoria, B/Yamagata and A(H1N1)
pdm09, respectively (Table 2). The GMT reflected the same pat-
tern as the seroprevalence rates (Table S2).

3.2   |   Age Group

A significant difference in seroprevalence and GMT by age 
group was observed during the study period.

The seroprevalence and the GMT of protective antibodies 
against influenza A(H1N1)pdm09 and A(H3N2) were higher 
for the children 5–14 yo. For A(H1N1)pdm09, the highest sero-
prevalence and the GMT estimates were observed during 2019 
summer, 71.3% (64.1–77.9) and 77.2 (62.2–96.0), representing 1.4 
(1.2–1.7) and 2.0 (1.4–3.0) times higher than in children 0–4 yo, 
respectively. For influenza A(H3N2), the highest seroprevalence 
and the GMT estimates were detected in 2018, 82.1% (73.8–88.7) 

and 66.9 (55.3–80.9), representing 1.6 (1.3–2.0) and 2.8 (1.7–4.4) 
times higher than in children 0–4 yo, respectively (Tables  2 
and S2).

The lowest seroprevalence of protective antibodies against influ-
enza A viruses was mainly observed in the older age groups (45–
64 and 65+ yo). For A(H1N1)pdm09 during summer 2015, the 
seroprevalence was 10.7% (6.1–17.1) for 65+ yo and 11.4% (6.7–
17.9) for 45–64 yo (Table 2). For A(H3N2), the lowest seropreva-
lences were saw during 2015 summer: 13.6% (8.4–20.4) in adults 
aged 45–64 yo. The GMT follows the same pattern (Table S2).

For influenza B, the protective antibodies increased with age. 
Higher seroprevalence was observed in the older age groups, 
45–64 yo and 65+ yo. For B/Victoria, higher seroprevalence 
was estimated during 2016 and 2019 in the group with 65 years 
or more, after the circulation of this lineage. In these seasons, 
the seroprevalence of 50.7% in 2016 and 47.2% in 2019 was 1.3 
and 1.8 times higher than children under 5 yo, respectively. 
Exceptionally, during 2016, B/Victoria seroprevalence was also 
high among the school-aged children (5–14 yo), being 55.2% 
(46.7–63.6) (Table 2).

For influenza B/Yamagata, the seroprevalence and GMT 
were higher for the elderly 65+ yo. Higher seroprevalence and 
GMT were observed during 2018, 55.9% (46.1–65.3) and 29.1 
(24.6–34.4), respectively. The lower seroprevalence and GMT 
for B/Yamagata were observed in the youngest children, 0–4 yo, 
during all the study period, with lowest rate measured in sum-
mer 2015, 4.7% (1.7–9.9) (Tables 2 and S2).

3.3   |   Gender

The seroprevalence of protective antibodies against influenza A 
and B and the GMT did not differ significantly between males 
and females, over the study period (Table S3).

3.4   |   Vaccination Status

The seroprevalence of protective antibodies against influenza 
and GMT were higher for previous-season vaccinated compared 
with the nonvaccinated. Highest seroprevalence and GMT for 
A(H1N1)pdm09 and A(H3N2) in vaccinated were detected 
during 2019 and 2017, respectively. GMT in vaccinated was 1.8–
2.4 times the GMT measured in the unvaccinated. The same pat-
tern was observed for influenza B seroprevalence and GMT. A 
1.2–1.6 times increase was observed in influenza B GMT in vac-
cinated individuals compared with the unvaccinated (Table 3).

3.5   |   Regions

We observed a north–south gradient in seroprotection for in-
fluenza in each year in Portugal. During 2014, the highest se-
roprevalence was seen for A(H3N2) at the Norte region 69.4% 
(59.3–78.3). The lowest seroprevalence was detected at the 
Alentejo and Algarve, 1.8% (0.0–9.4) for A(H3N2) and 2.6% (0.1–
13.5) for B/Yamagata in 2015, respectively. Although the Algarve 
region lacks sera from less than 5 yo, this pattern remains the 
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same when children under 5 from all regions are excluded from 
the analysis. Açores and Madeira islands showed similar sero-
protection rates to the influenza virus subtypes and B lineages; 
no significant differences were found. Seroprevalences were 
also in accordance with GMT values for each virus and region 
(Tables S4 and S5).

3.6   |   Correlation Between Seroprevalence 
and Influenza Incidence Rate

We evaluated the correlation between seroprevalence measured 
in summer and the difference of influenza incidence between 
one season and the previous one for each influenza A subtype 
and influenza B lineage, for the overall population, and by age 

group. For A(H3N2) and B/Victoria, the seroprevalence for the 
new virus variants detected in circulation during 2014/2015 (A/
Switzerland/9715293/2013), 2018 (A/Switzerland/8060/2017), 
and in 2019 (A/South Australia/34/2019 and B/
Washington/02/2019-like) were considered (Table S6).

3.6.1   |   A(H1N1)pdm09

A moderate negative correlation (r = −0.5; 95% CI, −0.9 to 0.5) 
between seroprevalence and the influenza incidence rate for 
A(H1N1)pdm09 was observed among the overall population, 
0–4 yo and 65+ yo age groups, indicating that higher seropreva-
lence was correlated with a decrease in the influenza incidence 
in next season. A strong negative and significant correlation 

TABLE 1    |    Demographic characteristics of the sera selected and tested by hemagglutination inhibition (HAI) assay to assess the seroprevalence 
of protective antibodies against influenza virus between 2014 and 2019.

Serosurvey (year) Total 2014 2015 2016 2017 2018 2019

Age group N (%) N (%) N (%) N (%) N (%) N (%) N (%)
All ages (n) 4326 626 680 708 867 566 879
0–4 800 (18.5%) 119 

(19.0%)
128 

(18.8%)
128 

(18.1%)
151 (17.4%) 113 (20.0%) 161 (18.3%)

5–14 844 (19.5%) 124 
(19.8%)

132 
(19.4%)

143 
(20.2%)

155 (17.9%) 112 (19.8%) 178 (20.3%)

15–44 893 (20.6%) 129 
(20.6%)

140 
(20.6%)

146 
(20.6%)

185 (21.3%) 113 (20.0%) 180 (20.5%)

45–64 901 (20.8%) 129 
(20.6%)

140 
(20.6%)

147 
(20.8%)

188 (21.7%) 117 (20.7%) 180 (20.5%)

65+ 888 (20.5%) 125 
(20.0%)

140 
(20.6%)

144 
(20.3%)

188 (21.7%) 111 (19.6%) 180 (20.5%)

Sexa

Female 2181 (51.1%) 311 
(49.7%)

343 
(50.4%)

358 
(50.6%)

447 (51.8%) 278 (53.6%) 444 (50.7%)

Male 2090 (48.9%) 315 
(50.3%)

337 
(49.6%)

349 
(49.4%)

416 (48.2%) 241 (46.4%) 432 (49.3%)

Region
Norte 1024 (23.7%) 102 

(16.3%)
151 

(22.2%)
191 

(27.0%)
194 (22.4%) 136 (24.0%) 250 (28.4%)

Centro 715 (16.5%) 93 (14.9%) 104 
(15.3%)

107 
(15.1%)

164 (18.9%) 94 (16.6%) 153 (17.4%)

LVT 1160 (26.8%) 179 
(28.6%)

177 
(26.0%)

168 
(23.7%)

279 (32.2%) 133 (23.5%) 224 (25.5%)

Alentejo 341 (7.9%) 61 (9.7%) 60 (8.8%) 58 (8.2%) 56 (6.5%) 49 (8.7%) 57 (6.5%)
Algarve 241 (5.6%) 41 (6.5%) 39 (5.7%) 43 (6.1%) 36 (4.2%) 35 (6.2%) 47 (5.3%)
Açores 561 (13.0%) 100 

(16.0%)
99 (14.6%) 92 (13.0%) 88 (10.1%) 84 (14.8%) 98 (11.1%)

Madeira 284 (6.6%) 50 (8.0%) 50 (7.4%) 49 (6.9%) 50 (5.8%) 35 (6.2%) 50 (5.7%)
Vaccination 65+

65+ vac 139 (56.5) ▪ ▪ ▪ 54 (66.7%) 33 (58.9%) 52 (47.7%)
65+ nonvac 107 (43.5) ▪ ▪ ▪ 27 (33.3%) 23 (41.1%) 57 (52.3%)

Note: ▪ means no data available.
a55 missing data (1 in 2016, 4 in 2017, 47 in 2018, and 3 in 2019).
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was found between seroprevalence and influenza incidence 
rate for A(H1N1) in children between 5 and 14 yo (r = −0.8; 
95% CI, −1 to −0.1) and in 15–64 yo although nonsignificant 
(Table 4).

3.6.2   |   A(H3N2)

A weak negative correlation between A(H3N2) seroprevalence 
and influenza incidence rate for the overall population (r = −0.3; 
95% CI, −0.9 to 0.7) and for individuals aged above 5 yo was 
found. For children under 5 yo, a strong positive correlation be-
tween seroprevalence and the variation of influenza incidence 
rate was observed (r = 0.6; 95% CI, −0.4 to 0.9), contrasting with 
the overall population and other age groups (Table 4).

3.6.3   |   B/Victoria and B/Yamagata

For B/Victoria, overall population, a moderate negative cor-
relation (r = −0.5; 95% CI, −0.9 to 0.5) was observed; however, 
a weak negative correlation (r = −0.3; 95% CI, −0.9 to 0.7) was 
seen for influenza B (considering influenza B irrespective of 
flu B lineage). A strong negative correlation between seroprev-
alence and influenza incidence rate for B/Victoria was observed 
for those older than 15 yo (r = −0.6; 95% CI, −0.9 to 0.5) and for 
65+ (r = −0.8; 95% CI, −0.1 to 0.1). This correlation was moder-
ate for 5–14 yo (r = −0.5; 95% CI, −0.9 to 0.5) and weak for 0–4 yo 
(r = −0.1; 95% CI, −0.8 to 0.8) (Table 4).

For B/Yamagata, in the overall population and for all age groups, 
there was a low negative correlation between seroprevalence 
and influenza incidence rate for B/Yamagata and influenza B 
(Table 4).

4   |   Discussion

From 2014 to 2019, the annual summer seroprevalence for in-
fluenza A subtypes and influenza B lineages varied over time 
and were significantly different for each tested virus. The sero-
prevalence and GMT in the overall population for influenza A 
assumed higher values when compared to influenza B, corre-
sponding well with the viruses that were detected in circulation 
in the previous influenza seasons.

Due to the evolving nature of the influenza virus, new drift 
strains with different antigenic and genetic characteristics com-
pared to the vaccine strains were detected in circulation during 
the study period. Different seroprevalences of protective an-
tibodies against the drift strains were observed, highlighting 
the existence of cross reactive antibodies to the new circulat-
ing strains. Exposure to drifted influenza viruses was able to 
increase or maintain the pre-existing immunity [14]. New drift 
strains not only elicited a monospecific immune response but 
also promotes a heterologous immunological response for older 
influenza strains [15].

Significant differences in the seroprevalence of protective an-
tibodies against influenza were observed in the population, 
mainly according to age, vaccination status, and geographic 
region. There was no difference in seroprevalence or GMT be-
tween sexes over the 6-year study. This finding is in line with 
previous studies finding no significant differences in HAI sero-
logical response for female and male [16, 17]. The seroprotection 
rate against influenza A(H1N1)pdm09 and A(H3N2) was higher 
in children, from 5 to 14 yo, in line with the previous-season 
highest ILI incidence rate, especially for the A(H3N2) subtype. 
These results may suggest the major role of school-age children 
in the transmission of influenza in the population [6, 18–20] 
and probably reflect the acquisition of antibodies due to previ-
ous infection, given that very low levels of vaccine uptake are 
registered in this age group, under 7% during the study period. 
In Portugal, for children > 6 months of age, influenza vaccine is 
only recommended for those with chronic diseases [21, 22].

Although annual influenza vaccination is recommended to the 
population older than 65 yo, with high vaccine coverage (≥ 60% 
since 2017/18), the lowest seroprevalence of protective antibod-
ies against influenza A viruses was observed for the older age 
groups (45–64 and 65+ yo). These results add to existing ev-
idence of immune senescence and pre-existing immunity and 
a faster decrease of antibody titers with time and age, more 
pronounced in the elderly [20, 23]. For influenza B, which only 
predominated in circulation during one season, 2014/2015, and 
co-circulated with A(H3N2) during 2015/2016 and 2017/2018, 
we observed an increasing trend in the seroprevalence of pro-
tective antibodies with age. The 65+ yo showed a higher sero-
prevalence in the majority of the seasons, even when influenza 
B was rarely detected. This fact suggests a long-lasting memory 
immunity for influenza B in this age group [24]. A previous 

TABLE 4    |    Correlation coefficient (r) between seroprevalence measured in summer and the difference of influenza incidence rates between one 
season and the previous one (ΔILI incidence rate), for each influenza A subtype and influenza B lineage, for overall population and by age group.

Correlation coefficient (r) between seroprevalence and ILI incidence rate (95% CI)
AH1 AH3 B/Vic B/Vica B B/Yam B/Yama B

Overall −0.5 (−0.9, 0.5) −0.3 (−0.9, 0.6) −0.5 (−0.9, 0.5) −0.3 (−0.9, 0.7) 0.0 (−0.8, 0.8) −0.1 (−0.8, 0.8)
0–4 −0.3 (−0.9, 0.7) 0.6 (−0.4, 0.9) −0.1 (−0.8, 0.8) −0.1 (−0.8, 0.8) 0 (−0.8, 0.8) −0.2 (−0.9, 0.7)
5–14 −0.8 (−1, −0.1)* −0.1 (−0.8, 0.8) −0.5 (−0.9, 0.5) −0.2 (−0.9, 0.7) 0 (−0.8, 0.8) −0.1 (−0.8, 0.8)
15–64 −0.7 (−1, 0.3) −0.3 (−0.9, 0.7) −0.6 (−0.9, 0.5) −0.2 (−0.9, 0.7) 0 (−0.8, 0.8) −0.1 (−0.8, 0.8)
65+ −0.4 (−0.9, 0.6) −0.2 (−0.9, 0.7) −0.8 (−1, 0.1) −0.3 (−0.9, 0.7) −0.1 (−0.8, 0.8) −0.1 (−0.8, 0.8)

Note: Correlation coefficient thresholds were defined as follow: weak (r values from 0 to 0.39 or r from 0 to −0.39), moderate (r from 0.40 to 0.59 or r from −0.40 to 
−0.59), and strong (r from 0.60 to 1 or r from −0.60 to −1).
aThis was considered the ILI incidence rate for influenza B (both lineages).
*p = 0.004.
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study also found that the vaccine effectiveness against influ-
enza B declined slightly with time since vaccination, contrary 
to what was observed for A(H3N2) [25]. Other authors estimated 
that protection wanes with an average half-life of 3.5–7 years for 
children and adults [26]. Children under 4 yo presented the low-
est seroprevalence levels of protective antibodies throughout all 
the study period; these findings are aligned with the estimated 
age for the first contact with influenza virus infection [27, 28]. 
It is important to take into account that age seroprevalence is 
challenging to understand due to the different exposures to a 
different set of influenza strains resulting from the naturally 
or vaccine-accumulated age-antibody profiles in a population 
continually exposed to influenza virus [8]. Other study had al-
ready demonstrated that pre-existing immunity affects the rate 
of seroconversion and immune response due to natural infection 
or vaccination [14]. Other authors highlighted that a repeated 
influenza vaccination and natural infections generate complex 
immune profiles in humans, with a broader antibody landscape 
in adults than children [29].

During the study period, higher seroprevalence was observed 
for influenza B/Yamagata than for B/Victoria with the excep-
tion in 2016, when B/Victoria had co-circulated with A(H3N2), 
and in 2019 after new B/Victoria strain circulation.

A recent study on immune response to influenza vaccination 
and infection highlighted that the greatest antibody increase 
postexposure was observed against viruses that circulated 
within the last 5–8 years, regardless of the priming pattern, vac-
cine status, or pre-existing immunity [30]. During the study pe-
riod and the previous eight seasons, since 2005, the Portuguese 
population was exposed to four to five seasons dominated by 
influenza A(H1N1)pdm09 and A(H3N2) virus and one to two 
B/Victoria and two to three B/Yamagata seasons, consistent 
with the seroprevalence and GMT pattern that were observed 
during the study period.

For 65+ yo vaccinated, a clear and significant higher seropreva-
lence of protective antibodies against influenza A and B viruses 
and higher antibody titers were seen when compared with un-
vaccinated aged 65+. These results suggest that influenza vacci-
nation provides effective and consistent antibody levels, and this 
difference is maintained at least until the subsequent summer. 
Other studies already showed the clear advantage of vaccine 
uptake in increasing antibody levels [20]. The data suggest that 
vaccination against influenza improves seroprevalence and pro-
tective antibody titers, contributing to a clearer understanding 
of the annual recommendations for influenza vaccine uptake, 
especially for the higher risk groups for severe disease.

Throughout the national territory of Portugal's mainland, a 
north–south decreasing trend in seroprevalence for protective 
antibodies against influenza A and B viruses was observed. The 
reported influenza cases and the seropositivity for influenza in 
the majority of the seasons follow the same trend [31].

The present study provides a new insight into the relationship 
between the seroprevalence of protective antibodies against in-
fluenza and the reduction of the ILI incidence rate in the next 
season. These results were more evident for influenza A(H1N1)
pdm09 in children between 5 and 14 yo, highlighting the role of 

the younger population in A(H1N1)pdm09 transmission during 
the epidemic season, and the importance of acquired immunity 
in preventing new epidemics. Other studies had highlighted the 
role of population subgroups in the evolution of epidemics [32] 
and children played an important role in influenza outbreaks, 
in household transmission and as a driving force of epidemics in 
the community [33–36].

For influenza A(H3N2), due to the virus' higher antigenic and 
genetic diversity and the lack of previous A(H3N2) infection, the 
effect of seroprevalence in the reduction of influenza incidence 
during next season was weak and absent among children under 
5 yo.

The results for influenza B/Victoria support the idea that higher 
seroprevalence will protect and correlate with a lower influenza 
B incidence in the next season. This was confirmed by the in-
creasing negative correlation trend between seroprevalence and 
influenza incidence rate with age, with a strong negative correla-
tion for people aged above 15 years old. Although B/Yamagata 
was detected more frequently and with higher ILI incidence 
rates during the study period, a low correlation rate was ob-
served between seroprevalence and a reduction in ILI incidence 
rates, for all ages. In a previous study, it was already observed 
that influenza B/Yamagata antigens recalled not only a homol-
ogous immune response but also a strong booster of B/Victoria 
antibodies, supporting the cross-immunity between influenza 
B lineages [37]. These findings could support the maintenance 
of the two influenza B lineages in the vaccine composition to 
broaden the immune response and minimize the chance of B 
mismatch [10].

Some limitations are recognized in the present study; the sam-
ple selection was a nonprobabilistic sample, however, con-
ducted during the inter-epidemic season and by a wide hospital 
network covering Portugal's mainland and the Atlantic Islands 
of Azores and Madeira. The sample collection was performed 
during summer months, and it is possible that the antibodies 
previously acquired by vaccination and virus exposure could 
have waned, although it gives the real picture of the seroprev-
alence close to the beginning of the next influenza season. 
Cross-protection for the new influenza A and B viruses was 
evaluated for a subsample of sera, nevertheless representing 
all the study population and covering all age groups and re-
gions. The HAI assay does not assess the levels of all protective 
antibodies, and cellular immunity was not evaluated, despite 
having an important role in infection protection. The HAI 
assay is the “gold-standard” technique for assessing influenza 
immunity and measuring antihemagglutinin antibodies guar-
anteeing the quality, reproducibility, and comparability with 
other studies. In all assays, reference standards were used. The 
seroprevalence for influenza B was in line with other studies, 
even though it was not performed using ether-treated influ-
enza B antigens, thus prioritizing specificity at the expense of 
sensitivity and possibly underestimating influenza B seroprev-
alence. In our study we used HAI ≥ 40 (instead of generally 
used HI ≥ 80) associated to protection to reduce the possible low 
sensitivity. Vaccination status from previous-season vaccine 
uptake was only collected during 3 years study for the elderly 
(65+ yo). The vaccine coverage estimates for the 65+ age group 
in the study sample were very similar to the values estimated 
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for the 65+ Portuguese population with overlapping confidence 
intervals. We did not observe a higher or lower pattern for the 
vaccine coverage in the study sample compared to the popula-
tion. Seroprevalence for all the age groups was calculated with 
95% confidence intervals to account for population variability 
and sampling error.

Estimated seroprevalence is expected to be due to a mixture of 
natural infection and influenza vaccine uptake. The previous 
data on ILI incidence rate by age only enabled the analysis of 
four age categories, resulting in a broad 15–64 age group with-
out allowing the evidence of patterns within subgroups. The cor-
relation analysis only included 6 years study.

5   |   Conclusion

Our study was the first annual seroprevalence survey integrated 
in the Portuguese influenza surveillance program, shedding 
light on the importance of the seroprevalence pattern data on 
predictive models for influenza virus circulation and infection 
attack rate. Already established serosurveys are also an asset to 
the pre-pandemic warning plans and the establishment of pan-
demic prevention and control measures.

In the future, annual collected serology data could provide es-
timates of susceptible population, capacitating modelling and 
epidemiological studies to provide policymakers with important 
knowledge for planning and preparedness, including guide vac-
cination plans, and assessment of the likely impact of interven-
tion measures.
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