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Abstract

Background: The Global Influenza Hospital Surveillance Network (GIHSN) aims to determine the burden of severe
influenza disease and Influenza Vaccine Effectiveness (IVE). This is a prospective, active surveillance and hospital-
based epidemiological study to collect epidemiological data in the GIHSN. In the 2016–2017 influenza season, 15
sites in 14 countries participated in the GIHSN, although the analyses could not be performed in 2 sites. A common
core protocol was used in order to make results comparable. Here we present the results of the GIHSN 2016–2017
influenza season.

Methods: A RT-PCR test was performed to all patients that accomplished the requirements detailed on a common
core protocol. Patients admitted were included in the study after signing the informed consent, if they were
residents, not institutionalised, not discharged in the previous 30 days from other hospitalisation with symptoms
onset within the 7 days prior to admission. Patients 5 years old or more must also complied the Influenza-Like
Illness definition. A test negative-design was implemented to perform IVE analysis. IVE was estimated using a
logistic regression model, with the formula IVE = (1-aOR) × 100, where aOR is the adjusted Odds Ratio comparing
cases and controls.

Results: Among 21,967 screened patients, 10,140 (46.16%) were included, as they accomplished the inclusion
criteria, and tested, and therefore 11,827 (53.84%) patients were excluded. Around 60% of all patients included with
laboratory results were recruited at 3 sites. The predominant strain was A(H3N2), detected in 63.6% of the cases
(1840 patients), followed by B/Victoria, in 21.3% of the cases (618 patients). There were 2895 influenza positive
patients (28.6% of the included patients). A(H1N1)pdm09 strain was mainly found in Mexico. IVE could only be
performed in 6 sites separately. Overall IVE was 27.24 (95% CI 15.62–37.27. Vaccination seemed to confer better
protection against influenza B and in people 2–4 years, or 85 years old or older. The aOR for hospitalized and
testing positive for influenza was 3.02 (95% CI 1.59–5.76) comparing pregnant with non-pregnant women.

Conclusions: Vaccination prevented around 1 in 4 hospitalisations with influenza. Sparse numbers didn’t allow
estimating IVE in all sites separately. Pregnancy was found a risk factor for influenza, having 3 times more risk of
being admitted with influenza for pregnant women.

Keywords: Influenza virus, Surveillance, Vaccine effectiveness, Epidemiology

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: jdiezdomingo@gmail.com
1Fundación para el Fomento de la Investigación Sanitaria y Biomédica de la
Comunidad Valenciana (FISABIO), 21 Cataluña Av, 46020 Valencia, Spain
Full list of author information is available at the end of the article

Baselga-Moreno et al. BMC Public Health          (2019) 19:487 
https://doi.org/10.1186/s12889-019-6713-5

http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-019-6713-5&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:jdiezdomingo@gmail.com


Background
Influenza is a major public health problem that can cause
hospitalisations, and it is related with respiratory failures
[1, 2]. The Global Influenza Hospital Surveillance Net-
work (GIHSN) is an international public-private collabor-
ation that started in 2012. The GIHSN goals are to
improve understanding of influenza epidemiology, quanti-
fying the circulation of the different types and subtypes of
influenza, in order to measure the effectiveness of seasonal
influenza vaccines and better inform public health policy
decisions. We conduct a prospective, active surveillance,
hospital-based epidemiological study that collects epi-
demiological and virological data from those sites that are
included in the network. Each season results are presented
in annual meetings and, since 2012, have been published
[3–6], with the agreement of the Principal Investigators of
all concerned sites. The implementation and data collec-
tion for the last season (2016–2017) was led by the Foun-
dation for the Promotion of Health and Biomedical
Research of Valencia Region (FISABIO), a regional public
health institution in Valencia, Spain, and funded by the
Foundation for Influenza Epidemiology. Fifteen sites in
fourteen countries participated in the GIHSN in the sea-
son 2016–2017. Among them, there were 12 sites (St. Pe-
tersburg, Moscow, Kazakhstan, Czech Rep., Canada,
Romania, Turkey, Spain, Tunisia, Suzhou/Shanghai, India
and Mexico) from Northern Hemisphere countries not
situated in the tropics and three sites (Ivory Coast, Peru
and South Africa) from the tropics or the Southern Hemi-
sphere. Since Peru and Ivory Coast only reported two
positive cases for influenza in the influenza season, the
analysis was performed without the data from these coun-
tries, and therefore, results are reported for 13 sites. A
common core protocol and standard operating procedures
are used for all participating sites, in order to allow com-
parisons among countries, and analyse results of all sites.

Methods
This study aims to determine the frequency of influenza-
related hospitalisations in different countries, by circulat-
ing strains and age groups, to study risk factors for
influenza-associated hospitalisations and estimate Influ-
enza Vaccine Effectiveness (IVE) by site, age group and
strain. Each site had one or more hospitals that recruited
patients for the study, between October 2016 and May
2017 in Northern Hemisphere sites, except China, whose
patients were recruited between June and September. For
Southern Hemisphere sites, patients were recruited be-
tween May and November. Patients were included in the
study if they presented any of the admission diagnoses in-
cluded in the protocol, and only if they signed the in-
formed consent to participate in the study. Among them,
we selected for the study only those who were residents in
the predefined hospital catchment’s area in the previous

past 6months, who were not institutionalised, who hadn’t
been discharged from other hospitalisation in the last 30
days, and who had symptoms possibly related to influenza
in 7 days or less prior to admission (Fig. 1). We also ex-
cluded patients who had previously tested positive for in-
fluenza in the current season, and also patients for whom
the difference between the date of the onset of symptoms
and the date of swabbing was 10 days or more (that is,
those admitted after the 7th day after the onset of symp-
toms+maximum delay in swabbing). For patients 5 years
old or more, they must also have complied with the
Influenza-Like Illness (ILI) definition, detailed in Euro-
pean Centre for Disease Prevention and Control (ECDC)
protocols, according to the decision of the Commission of
the European Union of 8 August 2012 [7]. Patients en-
rolled outside the influenza epidemic period of each of the
participating sites were also excluded. Influenza seasons
were previously determined by each site, following recom-
mendations of previous studies [8]. This methodology has
been used in the GIHSN since the beginning of the net-
work, and has been previously described [9]. For patients
under 14 years old, nasal and/or nasopharyngeal swabs
were collected, whereas, for patients 14 years old or more,
pharyngeal and/or nasopharyngeal swabs were taken. Re-
verse transcription-polymerase chain reaction (RT-PCR)
was used, according to each site’s protocol, in order to de-
tect influenza virus; viral subtyping was performed in order
to identify A(H1N1)pdm09, A(H3N2), B/Yamagata-lineage,
and B/Victoria-lineage strains in the positive specimens.
We performed a test-negative study [10] in order to

compare positives (cases) and negatives (controls) for in-
fluenza and estimate Influenza Vaccine Effectiveness
(IVE). Odds Ratios were used to estimate IVE, compar-
ing cases and controls of patients depending on the vac-
cination status. Patients were considered vaccinated if
they received an influenza vaccine in the current season,
at least 15 days before the onset of symptoms. Patients
with contra-indication to influenza vaccination were ex-
cluded from the IVE analysis, but were included in the
analysis regarding influenza circulation. Vaccination sta-
tus was ascertained either by recall or by vaccination
registries. Adjusted odds ratios (aOR) were calculated
using a logistic regression model including sex, occupa-
tional social class, obesity status, pregnancy, underlying
conditions, general practitioner (GP) consultations in
last 3 months, smoking habits, days from onset of symp-
toms to swabbing as fixed effects, age and epidemio-
logical week of admission using cubic splines, and site as
a cluster variable, in order to consider sites variability
[11]. IVE was calculated as (1-aOR) × 100. The same fac-
tors were used to adjust IVE by strain or age group. The
variables relative to the Barthel Index (in patients 65
years old or older) and the previous hospitalisations in
the last year were initially considered to be included in
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the model, but were excluded from the final model as
they were not statistically significant considering all vari-
ables mentioned above. The model did not include the
number of consultations at the GP in the last 3 months
to estimate IVE in Canada, as this site did not provide
information for this variable. Severe outcomes were also
studied, defining them as an influenza positive patient
admitted to ICU during the hospitalisation, or with
COPD exacerbation, respiratory failure, any cardiovascu-
lar complication, shock or death during hospitalisation.
Heterogeneity was studied, using the I2 test, and consid-
ering that heterogeneity was relevant if I2 ≥ 50% [12, 13].

Results
Included patients: distribution, characteristics and
influenza positives and negatives
There were 21,967 eligible admissions between October
1, 2016 and November 9, 2017. However, only 10,140
patients complied with the conditions described above,
and had laboratory results, hence only these were in-
cluded in the analysis. Among them, 2895 (28.6%) tested
positive for influenza, and 7245 (71.4%) tested negative
for influenza (Table 1). The most common reason of ex-
clusion was the fact that patients didn’t have ILI symp-
toms in the 7 days previous to admission. It is important
to note that 2/3 of all included patients in the GIHSN
came from 4 sites (St. Petersburg, Moscow, Canada and
Valencia). These 4 sites also have the highest numbers of

influenza positive cases, including 77.8% of all influenza
positives in the GIHSN, and 84.3% of the A(H3N2) in-
fluenza positives among all participant sites. A (H3N2)
was the predominant strain this season, being detected
in 63.6% of all influenza positive cases (1840 patients),
followed by B/Victoria, with 21.3% among the influenza
positive cases (618 patients) (Table 1). Influenza A(H3N2)
was detected throughout the season, whereas B/Victoria
started to increase in the second week of 2017 in the
Northern Hemisphere, and in the 31st week of 2017 in
the Southern Hemisphere, approximately in the middle of
the season in each Hemisphere (Fig. 2).
In the Northern Hemisphere, there was a significant in-

crease in the number of influenza cases in week #49 of
2016, with a peak in the number of positive cases during
the second week of 2017 and starting to descend at the
eighth week of 2017. Influenza B/Victoria started to in-
crease clearly in the second week of 2017, as A(H3N2)
started to descend. 70.3% of all influenza cases were posi-
tive for influenza A, whereas 29.7% were positive for influ-
enza B, with a clear different distribution among sites.
A(H3N2) was predominant in all sites, except in Mexico,

where the predominant strain was A(H1N1)pdm09, and
Romania and India with a predominance of B/Victoria-line-
age. Both B lineages circulated during this season, with
geographical differences, so in Canada, Czech Republic,
Turkey, Tunisia, Mexico and South Africa, B/Yamagata was
more often detected, while the B/Victoria was elsewhere.

Fig. 1 Overview of the methodology used by the GIHSN
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Fig. 2 Influenza-associated admissions by epidemiological week and virus type/subtype

Fig. 3 Admissions with influenza by site, epidemiological week and virus type/subtype
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Influenza B cases generally appeared as a second influenza
wave (Fig. 3). In Valencia, no cases were positive for influ-
enza B.
Influenza B was mainly observed in the youngest, and

was the predominant strain in the age group 5–17 years
old. Among the two influenza B lineages, in general B/
Victoria was detected more often than B/Yamagata, ex-
cept in the age group 50–64 years (Fig. 4).
The distribution of influenza cases among the age

groups was clearly different among sites, but differences
were mainly due to the characteristics of the participat-
ing hospitals for each site. Tunisia and Czech Republic
only recruited patients 18 years old or older, while
Suzhou/Shanghai only enrolled patients under 18 years
old. In Moscow, the majority of influenza positives were
pregnant women (which represented the 49.4% of the in-
cluded patients), and therefore, the highest number of
influenza positives among the different age groups was
situated in the age group 18–49 years old in this site. In-
fluenza positive cases were mainly found in patients 65
years old or older in Valencia and Canada, but 89.8% of
the included patients from Canada were 50 years old or
older. In St. Petersburg and South Africa, due to the
characteristics of the patients of the participating hospi-
tals (mainly children) there were more influenza positive
cases in the youngest groups (Fig. 5).
25.8% of the included patients were previously hospita-

lised in the same year and 36.6% of the included patients
had at least one underlying condition, but this percent-
age varied among sites, in Canada, for example, more

than 90% of the included patients had at least one
underlying condition, whereas in St. Petersburg, this per-
centage was lower than 10% and in Turkey was 48.2%,
but these percentages could be related to the age distri-
bution of the included patients in each site. Among the
different comorbidities, the most common were cardio-
vascular (20.7% of the included patients), diabetes
(10.4%) and chronic obstructive pulmonary disease
(COPD) (9.9%). Obesity was also found in more than
14% of the included patients, being more relevant in
Canada (29.6%), Valencia (26.3%) and Czech Republic
(23.4%). Moscow was the site with the highest number
of pregnant women among all sites (800 pregnant in
Moscow among 940 pregnant women in all sites), being
49.4% of the included patients in this site. In
Kazakhstan, pregnant women represented 22.6% of the
included patients. The Barthel Index in those over 65
years showed that almost 90% of these subjects were not
dependent or had a mild dependence. 68.3% of the patients
who tested negative for influenza were swabbed from 0 to
4 days after symptoms started, but this percentage was
78.4% for influenza positive cases (p-value< 0.0001).
Vaccination coverage differed among sites. Patients

were considered as vaccinated if vaccination was at least
15 days before symptoms onset (Table 2). Targeted pa-
tients for vaccination criteria were different among sites
(Additional file 1: Complementary Table S1). Vaccination
coverage was 11.1% among the influenza positives and
18.4% among the influenza negatives overall. Cardiovascular
diseases, renal impairment, chronic obstructive pulmonary

Fig. 4 Percentages of influenza-associated admissions by age group and type/subtype
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disease and diabetes were the most common comorbidities
among influenza positives (Table 3). Seasonality had also a
clear geographical distribution. Sites in higher latitudes had,
generally, an earlier start of the influenza season.
Patients with a qualified occupation had a higher risk of

being admitted with influenza. Patients with a swab taken
8–9 days after symptoms onset appeared with less risk of
being admitted with influenza, suggesting a decrease in
the influenza viral load for these patients (Table 4).
Pregnant women had a 3 times higher risk of having

influenza at admission than non-pregnant. Also subjects
with diabetes had 1.19 times higher risk of being an in-
fluenza case. On the other hand, patients with COPD or
neoplasm had lower risk of testing positive for influenza.
Despite there was a high number of admissions with car-
diovascular diseases (CVD), no difference in the risk of
influenza was found in these patients. (Fig. 6).
During pregnancy, the risk of testing positive for influ-

enza was higher during the third trimester than in the
first trimester, and also if they had any comorbidity in
the first trimester (Fig. 7).

There were no significant statistical differences
among influenza positives and negatives for those who
were admitted to ICU or who received mechanical ven-
tilation or those who died while they were hospitalised,
and differences for those with extracorporeal mem-
brane oxygenation could be due to sparse numbers of
patients who received extracorporeal membrane oxy-
genation. Apart from influenza, the main discharge
diagnosis was pneumonia, either for influenza-negatives
or influenza-positives (Table 5).
Probabilities of most common severe outcomes by

strain by age and influenza strains are displayed in
Fig. 8. This probability had an upward trend up to
80 years old after a shock. The probability point esti-
mates of having any cardiovascular complication in-
creased greatly from 90 years old for those who had
influenza. Similar trends were found for each individ-
ual strain for these discharge diagnoses.
Vaccination coverage was 9% or higher for targeted

groups only in 4 sites (Fig. 9), and only 6 sites had at
least 20 patients vaccinated among the patients targeted

Fig. 5 Admissions with influenza by site, age group and virus type/subtype
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Table 4 Subject characteristics and risk of admission with influenza

All admissions Influenza-positive Crude OR Heterogeneity by strain (I2) aOR(*)

N = 10140 N = 2895

Characteristic N N % Value 95% CI Value 95% CI

Age group

0–1 years 2692 331 12.3 1.00 – 79.4% 1.00 –

2–4 years 1217 311 25.6 2.45 2.06–2.92 75.6% 0.86 0.67–1.09

5–17 years 827 381 46.1 6.09 5.03–7.38 94.6% 1.59 0.85–2.96

18–49 years 2100 795 37.9 4.35 3.73–5.06 96.4% 0.65 0.22–1.97

50–64 years 735 195 26.5 2.58 2.10–3.15 96.6% 0.59 0.25–1.39

65–74 years 793 228 28.8 2.88 2.37–3.50 95.3% 0.61 0.31–1.22

75–84 years 903 272 30.1 3.07 2.55–3.71 96.9% 0.50 0.21–1.20

≥ 85 years 701 260 37.1 4.21 3.45–5.13 98.4% 0.49 0.19–1.28

Sex

Male 5105 1339 26,2% 1.00 54.0% 1.00

Female 5035 1556 30,9% 1.26 1.15–1.37 46.5% 0.84 0.74–0.95

Smoking habits

Current smoker 2270 542 23,9% 1.00 81.7% 1.00

Past smoker 2006 640 31,9% 1.49 1.30–1.71 88.4% 1.04 0.89–1.22

Never smoker 5704 1598 28,0% 1.24 1.11–1.39 34.0% 1.09 0.93–1.28

Consultations at the GP (last 3 months)

No 3283 779 23,7% 1.00 95.0% 1.00

Yes 5725 1398 24,4% 1.04 0.94–1.15 92.6% 0.91 0.69–1.18

Occupation / Social class

Qualified 3810 1255 32,9% 1.00 97.1% 1.00

Skilled 1376 355 25,8% 0.71 0.62–0.81 81.9% 0.83 0.72–0.94

Low or unskilled 3411 591 17,3% 0.43 0.38–0.48 91.5% 0.63 0.50–0.78

Other risk factors

Comorbidity 3714 1234 33,2% 1.43 1.31–1.56 98.7% 0.90 0.63–1.30

Cardiovascular disease 2094 796 38,0% 1.74 1.57–1.92 98.7% 1.01 0.72–1.40

Chronic obstructive pulmonary disease 1008 206 20,4% 0.62 0.52–0.72 92.5% 0.66 0.45–0.98

Asthma 463 187 40,4% 1.74 1.44–2.11 94.3% 1.31 0.96–1.77

Immunodeficiency/organ transplant 222 67 30,2% 1.08 0.81–1.45 85.2% 0.57 0.28–1.17

Diabetes 1049 362 34,5% 1.36 1.19–1.56 98.1% 1.19 1.03–1.37

Chronic renal impairment 617 208 33,7% 1.29 1.09–1.54 89.2% 1.06 0.89–1.27

Chronic neuromuscular disease 426 192 45,1% 2.13 1.75–2.59 91.7% 1.08 0.75–1.56

Active neoplasm 479 168 35,1% 1.37 1.13–1.67 96.8% 0.63 0.42–0.95

Chronic liver disease 135 38 28,1% 0.98 0.67–1.43 38.8% 1.09 0.79–1.50

Autoimmune disease 131 35 26,7% 0.91 0.62–1.35 23.8% 1.14 0.84–1.56

Obesity 1457 374 25,7% 0.92 0.81–1.04 93.3% 0.83 0.69–1.00

Pregnancy 942 483 51,3% 2.96 2.58–3.40 97.6% 3.02 1.59–5.76

Days from onset of symptoms to swabbing

0–2 days 3585 1211 33,8% 1.00 92.8% 1.00

3–4 days 3573 1052 29,4% 0.82 0.74–0.90 36.9% 1.05 0.99–1.12

5–7 days 2505 564 22,5% 0.57 0.51–0.64 83.4% 0.82 0.64–1.07

8–9 days 394 59 15,0% 0.35 0.26–0.46 65.2% 0.60 0.47–0.77
(*)Adjusted Odds Ratios were obtained using the model described in the ‘Methods’ section (pg.6)
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Fig. 6 Adjusted Odds Ratio (aOR) and number of admissions with influenza according to comorbidity

Fig. 7 Predicted probability of having an admission with influenza in pregnant and non-pregnant women by trimester
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for vaccination. The IVE analysis was restricted to the
sites with the highest vaccination coverage in targeted
groups for vaccination having at least 20 patients vacci-
nated in these groups. These sites were Valencia,
Canada, St. Petersburg, Mexico, Moscow and Turkey.
The IVE analysis, therefore, will be carried out in these

six sites and globally. Vaccination coverage in pregnant
women was 0% in Kazakhstan among the included pa-
tients, and in Moscow, only 1.3% (10 out of 800) of the
admitted pregnant women received the vaccine at least
15 days before symptoms onset, therefore, adjusted IVE
could not be estimated for pregnant women.
Vaccination coverage was higher in patients older than

65 years and in patients with two or more comorbidities.
Among immunized women 15 to 45 years old, 19 of 47
were pregnant (40.4%), and among all vaccinated pa-
tients, 26.7% were obese.
Of the subjects vaccinated, 78.0% were also vaccinated

in season 2015–2016 and 67.2% were vaccinated in sea-
son 2014–2015. However, 8.0% of the unvaccinated pa-
tients in the current season were vaccinated in the

season 2015–2016, and 6.6% in the season 2014–2015
(Table 6).

IVE estimates for included patients
In the selected sites for IVE estimates, vaccination cover-
age was 11.7% among the influenza positives and 22.2%
among the influenza negatives. The overall IVE was
27.24% (95% CI 15.62 to 37.27%) in targeted groups for
vaccination. Table 7 shows IVE for different strains,
Fig. 10 by study country.
IVE was statistically significant for all strains except

for A(H1N1)pdm09 due to the limited sample size, and
the point estimate was higher for both influenza B line-
ages, even using the trivalent vaccine (Fig. 11). Hetero-
geneity among influenza types/subtypes was relevant
(I2 = 57.4%).
This season IVE estimate was higher in patients 85 years

old or older (51.17% [95% CI: 35.13 to 63.24]). IVE was also
high and statistically significant for patients 2 to 4 years old
(49.37% [95% CI: 21.60 to 67.30]) (Fig. 12). Heterogeneity
among the different age groups was relevant (I2 = 69%).

Fig. 8 Predicted probability of severe outcome by strain
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Discussion
The GIHSN included sites from the two hemispheres in
the 2016/17 season. However, Ivory Coast and Peru were
not included in the epidemiology study or in the
IVE study due to the low influenza cases detected.
This season was characterized by a predominance in
the circulation of A(H3N2) virus, and a second
wave of B/Victoria. However, A(H1N1)pdm09 was
predominant in Mexico. B/Yamagata-strain, which
was not included in the vaccine, also circulated in
some areas.
Influenza A(H1N1)pdm09 was mainly found in

Mexico. A low vaccination coverage was seen in most of
the GIHSN sites.
The GIHSN represents an opportunity to analyse the

epidemiology of hospitalized influenza cases, and an
assessment of the vaccine effectiveness worldwide.
However, there are some limitations that should be
mentioned:

– Although the same protocol was developed, the
adaptation to different countries or sites produced
some heterogeneity in the results, as previously
reported in the network [3].

– In general vaccination coverage was low in most
sites, even among high risk groups.

– Other factors as number of cases per site, and
variability in the vaccination coverage, increased the
heterogeneity in the reporting and analysis.

All of these limitations contributed to the complexity
of the interpretation of the results.
In the northern hemisphere, the season differed by

latitude [14], and this may have implications in the cal-
endar of the vaccination campaigns.
Patients tested for influenza 8 to 9 days after symp-

toms onset had a higher proportion of samples negative
for influenza than patients tested within the first 7 days
after symptoms onset, as that viral load decreases with
increasing time since infection, [15]. However, there
were a few cases in our study as we collected all cases
whose admission was in the 7 days after ILI symptoms
started, and any delay in approaching the patient could
result in a late swabbing.
Among inpatients with COPD, there was not a higher

risk of testing for influenza. As all the cases were hospi-
talized, this result cannot be interpreted as COPD not
being a risk factor for influenza hospitalization, as any
other respiratory infection may decompensate the re-
spiratory condition and force an admission. Besides vac-
cination coverage is higher in subjects with chronic
conditions [16] and therefore, protection from the vac-
cine may also impact on our finding.
The risk of testing positive for influenza in diabetic pa-

tients was slightly higher than non-diabetic patients, as
it also happened in previous seasons [3, 4]. Pregnancy
also increased the probability of having influenza in
women, particularly if they had at least one comorbidity
in the first trimester.

Fig. 9 Vaccination coverage in targeted groups by site
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Table 6 Characteristics of patients included in the primary analysis by vaccination status

Risk variables Unvaccinated Vaccinated P value

Category n % n %

Number of patients, n (%) Controls 6307 70.7 938 77.1 < 0.0001

Cases 2616 29.3 279 22.9

Age (y) Median (range) 11.4 (0–105.3) 76.5 (0.6–102.8) < 0.0001

Age group, n (%) (2) 0–5 months 1254 14.3% 0 0.0% < 0.0001

6–11 months 643 7.3% 13 1.1%

1–4 yrs 1948 22.2% 51 4.3%

5–17 yrs 760 8.7% 67 5.6%

18–49 yrs 1988 22.7% 112 9.4%

50–64 yrs 628 7.2% 106 8.9%

65–74 yrs 583 6.6% 210 17.6%

75–84 yrs 566 6.5% 337 28.2%

≥85 y 403 4.6% 299 25.0%

Sex, n (%) Male 4462 50.0% 643 52.8% 0.0641

Female 4461 50.0% 574 47.2%

Comorbidities, n (%) None 6123 68.6% 303 24.9% < 0.0001

1 1457 16.3% 355 29.2%

> 1 1343 15.1% 559 45.9%

Pregnant, n (%) – 921 69.5% 19 40.4% < 0.0001

Obesity, n (%) – 1148 13.8% 309 26.7% < 0.0001

Previous hospitalisation within 12 months, n (%) – 1914 24.1% 406 37.7% < 0.0001

GP visit within 3 months, n (%) None 3074 38.8% 209 19.4% < 0.0001

1 1740 21.9% 188 17.4%

> 1 3116 39.3% 681 63.2%

Smoking, n (%) Current 2112 24.1% 158 13.0% < 0.0001

Past 1618 18.5% 388 32.0%

Never 5037 57.5% 667 55.0%

Functional impairment in ≥65 y, n (%) None or minimal 72 5.4% 58 7.0% 0.4086

Mild 32 2.4% 18 2.2%

Moderate 52 3.9% 41 4.9%

Severe 309 23.1% 191 23.0%

Total 871 65.2% 523 62.9%

Sampling interval (days) Median (range) 3 (0–9) 4 (0–9) < 0.0001

Sampling interval, n (%) ≤4 days 6377 72.1% 781 64.2% < 0.0001

5–7 days 2148 24.3% 357 29.3%

8–9 days 315 3.6% 79 6.5%

Site, n (%) St. Pet 1851 20.7% 86 7.1% < 0.0001

Moscow 1555 17.4% 65 5.3%

Kazakhstan 159 1.8% 0 0.0%

Czech Republic 105 1.2% 6 0.5%

Canada 993 11.1% 139 11.4%

Romania 380 4.3% 7 0.6%

Turkey 392 4.4% 21 1.7%

Valencia 1300 14.6% 825 67.8%
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Table 6 Characteristics of patients included in the primary analysis by vaccination status (Continued)

Risk variables Unvaccinated Vaccinated P value

Category n % n %

Tunisia 37 0.4% 2 0.2%

Suzhou/Shanghai 469 5.3% 1 0.1%

India 482 5.4% 11 0.9%

Mexico 301 3.4% 49 4.0%

South Africa 899 10.1% 5 0.4%

Vaccinated, n (%) In 2015–2016 718 8.0% 949 78.0% < 0.0001

In 2014–2015 589 6.6% 818 67.2% < 0.0001

Table 7 IVE for all cases and for targeted groups only by age and strain

Influenza-positive Influenza-negative Adjusted IVE(*)

Population Strain Age Total Vaccinated Total Vaccinated Percent
(95% CI)

P-value

Overall Any Any 2895 279 7245 938 27 (15, 38)

<65 y 2013 84 5558 265 27 (−1, 48) 0.804

≥65 y 882 195 1687 673 25 (3, 43)

A (H1N1) pdm09 Any 76 7 7245 938 39 (−68, 78)

<65 y 66 6 5558 265 2 (−138, 60) 0.346

≥65 y 10 1 1687 673 99 (1, 100)

A (H3N2) Any 1840 221 7245 938 25 (13, 35)

<65 y 1124 46 5558 265 31 (1, 51) 0.703

≥65 y 716 175 1687 673 19 (−10, 40)

B/Yamagata Any 108 9 7245 938 41 (−110, 84)

<65 y 73 3 5558 265 7 (−178, 69) 0.203

≥65 y 35 6 1687 673 73 (−38, 95)

B/Victoria Any 618 25 7245 938 43 (−15, 71)

<65 y 596 24 5558 265 27 (−14, 54) 0.191

≥65 y 22 1 1687 673 89 (40, 98)

Targeted groups only Any Any 2314 256 4723 869 27 (16, 37)

<65 y 1432 61 3036 196 37 (0, 47) 0.657

≥65 y 882 195 1687 673 25 (3, 43)

A (H1N1) pdm09 Any 54 7 4723 869 18 (−142, 72)

<65 y 44 6 3036 196 −62 (−303, 35) 0.423

≥65 y 10 1 1687 673 99 (1, 100)

A (H3N2) Any 1572 214 4723 869 23 (9, 34)

<65 y 856 39 3036 196 27 (−7, 50) 0.485

≥65 y 716 175 1687 673 19 (−10, 40)

B/Yamagata Any 63 7 4723 869 72 (8, 92)

<65 y 28 1 3036 196 65 (−35, 91) 0.037

≥65 y 35 6 1687 673 73 (−38, 95)

B/Victoria Any 449 14 4723 869 66 (3, 80)

<65 y 427 13 3036 196 41 (10, 62) 0.262

≥65 y 22 1 1687 673 89 (40, 98)
(*) .IVE was obtained in each case using the same model (described in the ‘Methods’ section) but restricting it by strain, age or targeted groups.. P-value obtained
comparing patients <65 y and ≥ 65 y
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Fig. 10 Adjusted Influenza Vaccine Effectiveness by site

Fig. 11 Adjusted Influenza Vaccine Effectiveness by strain
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Despite differences in the characteristics of the in-
cluded patients relative to the age or pregnancy status,
heterogeneity in the IVE analysis among the 6 sites with
the highest numbers of vaccinated patients was low.
Point estimates of the overall IVE from a two-step pool-
ing was 27.2% (95% CI: 15.62 to 37.27) in hospitalized,
which is higher than that reported in Europe for hospita-
lised patients [17], that ranged from 2.4 to 7.9%, depend-
ing on the age group, and lower to that estimated by the
US CDC, which was 40% (95% CI: 32 to 46) [18].
Pooled Influenza vaccine effectiveness showed protec-

tion against all influenza virus that circulated, although
for A(H1N1)pdm09 did not reach statistical significance,
as the circulation of the virus was low except in Mexico.
There was a significant effectiveness against both B line-
ages, even though most of the vaccines used were triva-
lent, i.e. only contained the B/Victoria linage, following
recommendations of the World Health Organisation
(WHO) for trivalent vaccines in the Northern Hemi-
sphere [19]. Although antigenically different, there has
been shown some degree of cross-protection among
both B lineages.

Conclusion
The GIHSN provides an opportunity to analyse influ-
enza epidemiology and vaccine effectiveness worldwide.

In the 2016/17 season, A(H3N2) was the predominant
influenza strain this season (first wave), followed by B/
Victoria (second wave). Influenza A(H1N1)pdm09 was
mainly found in Mexico. A low vaccination coverage
was seen in most of the GIHSN sites.
Differences in the distribution of influenza cases among

the age groups were mainly due to the characteristics of
the participating hospitals. Pregnant women had
higher risk of testing positive for influenza, as oc-
curred with diabetics, however this difference was not
seen in COPD subjects.
Overall IVE was low to moderate 27.24 (95% CI 15.62 to

37.27) in this season. A moderate to high effectiveness was
seen for both influenza B lineages, and a non-significant
low effectiveness for Influenza A(H1N1)pdm09.
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