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Abstract

Background: The Global Influenza Hospital Surveillance Network is an international platform whose primary
objective is to study severe cases of influenza requiring hospitalization.

Methods: During the 2015-2016 influenza season, 11 sites in the Global Influenza Hospital Surveillance Network in
nine countries (Russian Federation, Czech Republic, Turkey, France, China, Spain, Mexico, India, and Brazil)
participated in a prospective, active-surveillance, hospital-based epidemiological study. Influenza infection was
confirmed by reverse transcription-polymerase chain reaction. Influenza vaccine effectiveness (IVE) against
laboratory-confirmed influenza was estimated using a test-negative approach.

Results: 9882 patients with laboratory results were included of which 2415 (24.4%) were positive for influenza, including
1415 (14.3%) for AHTN1T)pdm09, 235 (2.4%) for A(H3N2), 180 (1.8%) for A not subtyped, 45 (0.5%) for B/Yamagata-lineage,
532 (54%) for B/Victoria-lineage, and 33 (0.3%) for B not subtyped. Of included admissions, 39% were < 5 years of age and
67% had no underlying conditions. The odds of being admitted with influenza were higher among pregnant than non-
pregnant women (odds ratio, 2.82 [95% confidence interval (C), 1.90 to 4.19]). Adjusted IVE against influenza-related
hospitalization was 16.3% (95% Cl, 04 to 29.7). Among patients targeted for influenza vaccination, adjusted IVE against
hospital admission with influenza was 16.2% (95% Cl, — 3.6 to 32.2) overall, 23.0% (95% Cl, — 3.3 to 42.6) against A(HTN1)
pdm09, and — 25.6% (95% Cl, — 86.3 to 15.4) against B/Victoria lineage.

Conclusions: The 2015-2016 influenza season was dominated by A(H1N1)pdm09 and B/Victoria-lineage. Hospitalization
with influenza often occurred in healthy and young individuals, and pregnant women were at increased risk of influenza-
related hospitalization. Influenza vaccines provided low to moderate protection against hospitalization with influenza and
no protection against the predominant circulating B lineage, highlighting the need for more effective and broader
influenza vaccines.
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Background

Influenza surveillance is essential for tracking and con-
trolling influenza infections and for assessing influenza
vaccine effectiveness (IVE). Since 2012, the Global Influ-
enza Hospital Surveillance Network (GIHSN) has run an
annual prospective, active-surveillance, hospital-based
study to collect epidemiological and virological data on
influenza [1]. The aim of the GIHSN is to improve un-
derstanding of influenza epidemiology to better inform
public health policy decisions.

During the 2015-2016 influenza season, the GIHSN
included 11 coordinating sites and 27 hospitals in nine
countries (St. Petersburg and Moscow, Russian Feder-
ation; Prague, Czech Republic; Ankara, Turkey; Paris,
France; Beijing, China; Valencia, Spain; Tlalpan, Mexico;
Jammu and Kashmir, India; and Fortaleza and Curitiba,
Brazil). All sites in the GIHSN share a common core
protocol, follow standard operating procedures, use a
shared questionnaire to collect patient information, and
perform reverse transcription-polymerase chain reaction
to confirm influenza infection [1]. Thus, the GIHSN can
attain large sample sizes and relevant data on severe in-
fluenza and IVE among hospitalized individuals from
geographically disperse regions. In addition, several
limitations of other surveillance systems are avoided or
adjusted for, such as non-systematic sampling and
incomplete case ascertainment, as well as a lack of com-
parison groups, adjustment for confounders, and consen-
sus about case definitions [2—4]. Results have been
published for the GIHSN's first three seasons (2012-2013
[5, 6], 2013-2014 [7], and 2014-2015 [8]). Here, we
present the influenza epidemiology and IVE results by age
and influenza strain for the 2015-2016 influenza season.

Methods
Study design
The GIHSN was initiated by Sanofi Pasteur in 2011 to
fill the gap in influenza epidemiology and public health
knowledge. The GIHSN is a public-private partnership
between Sanofi Pasteur and several institutions that are
affiliated with national health authorities (including the
WHO National Influenza Centers, national ministries of
health, and China’s Centers for Diseases Control and
Prevention). Each of these institutions acts as a coordin-
ating site and supervises a local network of hospitals.
Not-for-profit institutions with proposals aligned with
the GIHSN scope and study design are eligible to apply
for grants from the Foundation for Influenza Epidemi-
ology. Sanofi Pasteur participated in the design of the
study but did not participate in the collection, manage-
ment, or analysis of data.

The methodology for the GIHSN study has previously
been described in detail [1, 5, 6]. Briefly, the study in-
cluded patients who had been admitted to one of the
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participating hospitals for acute illness possibly related
to influenza within the last 48 h. The patients had to be
residents in the predefined hospital’s catchment area for
at least 6 months, not institutionalized, and not dis-
charged from a hospital within 30 days of the current ad-
mission. Onset of symptoms had to be within 7 days
prior to admission. Acute illness in patients aged =5
years had to meet the European Centre for Disease Pre-
vention and Control clinical case definition of influenza-
like illness (ILI) [9]; include one of the following general
symptoms: fever or feverishness, malaise, myalgia or
headache; and include one of the following respiratory
complaints: shortness of breath, sore throat, or cough.
Patients aged <5 years were recruited if they presented
with any of the signs and symptoms described in Add-
itional file 1: Table S1. Patient eligibility was assessed by
research staff using admission rolls, clinical records, and
information obtained from the patient after consent.
Each site defined the sample collection period according
to previous experience in local influenza epidemics (see
Additional file 2: Table S2). For each patient, a common
standardized questionnaire was completed by face-to-
face interview or by searching clinical records. Collected
information included age, sex, number of chronic under-
lying conditions, previous admissions to hospital in the
last 12 months, number of visits to a general practitioner
in the last 3 months, smoking habits, socioeconomic
class (according to occupation), days from onset of
symptoms to swabbing, and epidemiological week at ad-
mission. The influenza vaccination status of each patient
was also collected by face-to face interview, patient re-
cords, clinical records, or registries, including the name
of the vaccine received and the date of vaccination. Two
respiratory swabs were taken from each patient (nasal
and nasopharyngeal swabs from patients < 14 years,
pharyngeal and nasopharyngeal swabs from patients >14
years) and combined to detect the presence of influenza
A (HIN1pdmo09 and H3N2 subtypes) and B (Yamagata and
Victoria lineages) by real-time reverse-transcription poly-
merase chain reaction. All included patients, or their par-
ents or legal guardians, provided written informed consent.

Statistical analysis
Statistical analyses were performed using Stata version
14.2 (College Station, TX, USA). Differences between
categories were estimated by the Pearson Chi-square or
Fisher exact test as appropriate. When comparing nested
models, P-values for interactions were obtained by likeli-
hood ratio test. P-values below 0.05 were considered sta-
tistically significant. Conditional plots were used to
describe complex relationships between age, chronic
conditions and influenza infection [10].

IVE was estimated using the test-negative approach as
(1 - odds ratio [OR]) x 100, where the OR was calculated
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by mixed effects logistic regression comparing the vac-
cine coverage rates between influenza-positive and
influenza-negative cases, after adjusting for potential
confounders. Appropriate variables were included de-
pending on the model. For the IVE model, age was di-
vided into deciles and modelled using restricted cubic
splines; sex was a categorical variable; social class was a
categorical variable with four levels (qualified, skilled,
low or unskilled, and unknown); number of comorbidi-
ties was a categorical variable with three levels (none,
one, more than one); vaccination status had two levels
(yes/no); time from onset to swab was a categorical vari-
able with three levels (0 to 4, 5 to 7, 8 to 9); epidemio-
logical week at admission was modelled using restricted
cubic splines. The number of knots for age and epi-
demiological week was chosen wusing the Akaike
information criterion [11]. IVE was not estimated for in-
dividual influenza vaccines. Heterogeneity between sites
was controlled by including the site as a random effect
in the models. All included patients were considered in
the descriptive analysis, but records with missing values
for outcome, exposure, or with potential confounders,
and individuals with contraindications for vaccination or
with previous influenza infections, were excluded from
the IVE analysis. IVE values were considered heteroge-
neous if the I” statistic was > 50%.

Results

Patients included in the epidemiological analysis and
identified viruses

A total of 18,360 eligible admissions were identified by
the 11 coordinating sites during the 2015-2016 influ-
enza season. Of these, 9882 admissions (53.8%) met the
inclusion criteria and were included in the study
(Table 1). The main reasons for exclusion were the absence
of ILI symptoms for subjects >5years of age (n=23886,
21.2%) and recruitment during weeks without influenza cir-
culation (n = 1524, 8.3%). No cases at the Fortaleza site met
the inclusion criteria.

Approximately 24% of the included patients were posi-
tive for influenza. The most common strain detected
was A(HIN1)pdmO09 (58.6% of influenza positives),
followed by B/Victoria-lineage (22.0%) and A(H3N2)
(9.7%). Approximately 9% of influenza-positive samples
could not be subtyped.

Description of the 2015-2016 influenza season across sites

Influenza infections were detected over 38 weeks, with
the peak at week 4 of 2016 (Fig. 1). The earliest start of
the influenza season was in Moscow (week 48 of 2015),
where influenza-positive admissions occurred over a
span of 27weeks in two waves, the first due to
A(HIN1)pdmO09 and the second due to B/Victoria-line-
age. The latest influenza-positive admission (week 33 of

Page 3 of 22

2016) was in Curitiba, Brazil, although few cases of con-
firmed influenza were detected at that site.

The proportion of samples positive for influenza dif-
fered between sites from 2.7% in Curitiba to 46.9% in
Mexico (Table 1; P< 0.0001 by test of homogeneity,
equal odds). A(HIN1)pdmO09 was the most frequently
detected influenza virus in St. Petersburg (71.2% of posi-
tives), Moscow (68.1%), Czech Republic (54.8%), Turkey
(47.6%), France (56.8%), Valencia (51.4%), Mexico
(46.7%), and Curitiba (81.3%) (Table 1). B/Victoria-line-
age was the second-most frequently detected influenza
virus in Moscow (22.6%), St. Petersburg (13.0%), France
(36.4%), Valencia (29.0%) and Curitiba (18.8%) and was
the most common influenza virus in Beijing (43.9%). In-
fluenza A(H3N2) was the predominant strain in India
(48.6%) (Fig. 1 and Table 1).

Main characteristics of included patients

Of the 9882 included admissions, 39.0% were < 5 years of
age, 38.0% were 5—64 years of age, and 23.0% were > 65
years of age (Table 2). Just over half of the included pa-
tients were male (# =5380; 54.4%) and more than half
(615/1051; 58.5%) of the admitted women 15-45 years
of age were pregnant (6.2% of all included patients).

Approximately one-third (n =3276; 33.2%) of the ad-
missions had chronic conditions, most of which were
cardiovascular disease (17 =1888; 19.1%), chronic ob-
structive pulmonary disease (1 =1039; 10.5%), diabetes
(n =840; 8.5%), renal impairment (n =454; 4.6%), and
asthma (7 = 424; 4.3%). Immunodeficiency, neuromuscu-
lar disease, active neoplasm, liver disease, and auto-
immune disease accounted for <4% of patients with
chronic conditions.

Most patients (1 = 7168; 72.5%) had not been hospital-
ized in the 12 months before the current admission. Half
of the hospitalized adults (> 18years old) had never
smoked (n =2548; 50.1%), 27.6% (n=1404) were past
smokers, and 22.4% (n=1138) were current smokers.
According to World Health Organization criteria [12],
14.4% (n = 1425) of patients were obese. Approximately
20% of older adults (> 65 years of age) had a functional
impairment status between moderate and total on the
Barthel Index.

Swabs were obtained within 4 days after the onset of
symptoms in 67.9% of patients (n =6712). The seasonal
influenza vaccine had been administered to 1525 pa-
tients (15.4%), most of whom (96.9%) had been vacci-
nated at least 14 days before the onset of ILI symptoms.

Characteristics of included patients across sites

Proportions of younger patients were highest in Curitiba
(median age = 1 years) and St. Petersburg (median age =
2 years) (Table 2). Children <5 years of age accounted
for 72.1% of included admissions in Curitiba and 65.8%
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in St. Petersburg. The Czech Republic and France did
not recruit subjects < 18years of age. Patients were
mostly young adults (18—49 years of age) in the Czech
Republic (53.2%) and Moscow (51.7%). By contrast, in
Valencia (57.2%) and France (54.6%), most included ad-
missions were > 65 years of age.

Admissions were more frequently males than females
at all sites (51.8 to 57.0%) except France (44.7%) and
Mexico (43.8%). Proportions of patients without comor-
bidities were highest in St. Petersburg (90.4%) and
Moscow (88.8%), followed by Beijing (70.9%), Curitiba
(65.9%), Czech Republic (48.4%), Turkey (47.9%), India
(47.1%), Valencia (34.6%), Mexico (33.3%), and France
(29.8%). Cardiovascular disease was the most common
chronic condition at all sites except Curitiba, where
asthma was the most common (Table 2).

In Moscow, 30.8% of the included patients were preg-
nant women. By contrast, at the rest of the sites, pregnant
women accounted for < 3% of the included patients.

The proportion of obese patients was highest in the
Czech Republic (n=36; 29.0%), Mexico (n=25; 26.3%),
and Valencia (n =529; 24.7%) and lowest in India (7 = 31;
9.4%), St. Petersburg (n = 202; 9.8%), and Moscow (1 = 200;
10.3%).

Visits to general practitioners during the 3 months before
hospitalization were the least common in Beijing (n = 1118;
51.8%), St. Petersburg (1144; 55.3%), and Mexico (n =58;
60.5%) and the most common in Valencia (n=1931;
90.0%), France (1 = 123; 87.9%) and India (n = 285; 86.1%).

The proportion of adult patients who had never
smoked ranged from 29.6% (n =8) in Curitiba to 58.0%
(n=153) in Turkey. The proportion of adult patients
that currently smoked ranged from 6.8% (n=5) in
Mexico to 37.8% (n =169) in St. Petersburg.

Moderate to total functional impairment in older
adults (> 65 years of age) was least common in St. Pe-
tersburg, Moscow, and Curitiba (0.0%) and highest in
India (36.7%). Vaccination coverage varied substantially
between sites (Table 2). Vaccination coverage rates were
(in decreasing order) 43.0% (n =923) in Valencia, 42.6%
(n=60) in France, 32.4% (n = 58) in Curitiba, 19.8% (n =
19) in Mexico, 12.1% (n = 262) in Beijing, 7.0% (1 =49)
in Turkey, 5.6% (n=7) in the Czech Republic, 4.5% in
India (n = 15) and Moscow (n = 87), and 2.2% (n = 45) in
St. Petersburg. Among vaccinated individuals, the vac-
cine had been administered >14 days before the onset of
symptoms to 26.3% (n=5) of admissions in Mexico,
79.3% (n =46) in Curitiba, 83.7% (n = 41) in Turkey, and
nearly all admissions (99 to 100%) at other sites. From
the information available, 87% of vaccinated individuals
had received a trivalent inactivated influenza vaccine
(data not shown). Almost all of the remaining 13% also
received a trivalent vaccine, based on the vaccines avail-
able at each study site (Additional file 3: Table S3).
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Admission with influenza according to age and variability
by influenza virus
Influenza positivity appeared to be related to age. Admis-
sions positive for influenza were younger than admissions
negative for influenza, regardless of having underlying
conditions (Fig. 2). More than three-quarters (76.1%) of
influenza-positive admissions were < 50 years of age (Table 3,
Fig. 2). Admissions positive for A(HIN1)pdm09 were gener-
ally younger than admissions negative for influenza, positive
for A(H3N2), or positive for B/Yamagata-lineage but older
than admissions positive for B/Victoria-lineage (Table 3).
Heterogeneity due to strain was assessed considering
A(HIN1)pdm09, A(H3N2), and B/Victoria-lineage using the
I? statistic with adjustment for sex, social class according to
occupation, comorbidity, influenza vaccination, time to swab,
and site. By age, I> was 0.0% for admissions 1—4, 18—49, and
6574 years, 80.5% for 5-17 years, 88.8% for 50—64 years;
44.1% for 75—84 years; and 53.2% for >85 years (Fig. 3).

Admission with influenza according to sex and variability
by influenza virus

In general, the sex distribution differed significantly between
influenza-positive ~ and  influenza-negative  admissions
(Table 3). The risk of admission with influenza was not het-
erogeneous by strain after adjusting by age, social class ac-
cording to occupation, comorbidity, influenza vaccination,
time to swab, and site, there was no heterogeneity by strain
(I* = 0.0%; data not shown). This was also found when preg-
nant women were excluded (I = 0.0%; data not shown).

Admission with influenza according to presence of
comorbidity
Older adults positive for influenza were more likely to have
underlying chronic conditions (Fig. 2). However, chronic
conditions were reported significantly less frequently for
influenza-positive (28.1%) than influenza-negative admis-
sions (34.8%) (P < 0.001; Table 3). This was also found after
excluding pregnant women (29.6% for influenza-positive vs.
35.9% for influenza-negative; P < 0.001) (data not shown).
The adjusted OR for admission with influenza was
1.03 (95% confidence interval [CI], 0.86 to 1.19) for pa-
tients with comorbidities. No significant heterogeneity
by strain was detected (12 = 37.8%) (Fig. 4).

Admission with influenza according to pregnancy

A total of 1051 women 15-45 years old were included in
the study, of whom 615 were pregnant (596 in Moscow,
2 in the Czech Republic, 2 in Turkey, 4 in France, 3 in
Valencia, 4 in India, and 4 in Curitiba; Table 2) and 436
were not (156 in St. Petersburg, 5 in Moscow, 25 in the
Czech Republic, 20 in Turkey, 15 in France, 95 in Beijing,
69 in Valencia, 17 in Mexico, 31 in India, and 3 in Curitiba;
data not shown). The probability of laboratory-confirmed
influenza was significantly higher (P< 0.001) in included
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pregnant women (45.2%) than non-pregnant women in this
age range (23.8%) (data not shown).

After considering site as a random effect and exclud-
ing data from St. Petersburg, Beijing, and Mexico (where
no pregnant women were enrolled), the crude OR of ad-
mission with influenza was 2.82 (95% CI, 1.90 to 4.19)
for pregnant women (data not shown). When consider-
ing pregnant women with no comorbidities, the crude
OR was 2.64 (95% CI, 1.55 to 4.47). For pregnant women
with comorbidities, the crude OR was 3.84 (95% CI, 1.96
to 7.53). There was no evidence of an interaction be-
tween comorbidity and pregnancy (P =0.39), but there
was evidence of confounding (P < 0.001).

The heterogeneity among strains detected in admitted
pregnant women was low to moderate (I* = 45.7%). This
was due to a higher adjusted OR for admission with
A(HIN1)pdmO09 when adjusted for the presence of co-
morbidities (Fig. 5).

Patients included in the IVE analysis
Patients with vaccine contraindications (egg allergy or <6
months of age) or previous laboratory-confirmed influenza

in the same season were excluded from the IVE analysis.
After applying these exclusions, 8971 samples obtained from
patients hospitalized from December, 2015 to May, 2016
were included. Of these, 2269 (25.3%) were positive for in-
fluenza. By strain, this included 1327 (58.5%) positive for
A(HIN1)pdm09, 511 (22.5%) for B/Victoria-lineage, 224
(9.9%) for A(H3N2), and 41 (1.81%) for B/Yamagata-lineage
(Table 4). Overall, 10.8% (n =246) of influenza-positive ad-
missions and 18.7% (n = 1250) of influenza-negative admis-
sions were vaccinated (P < 0.001) (Table 5).

The proportion of patients vaccinated with the sea-
sonal influenza vaccine >14 days before symptom onset
was 2.7% (n=45) in St. Petersburg, 4.6% (1n=87) in
Moscow, 5.7% (n=7) in the Czech Republic, 7.6% (1 =
43) in Turkey, 42.6% (n = 60) in France, 12.2% (n = 258)
in Beijing, 47.8% (1=931) in Valencia, 54% (n=>5) in
Mexico, 5.5% (n = 15) in India, and 34.4% (n = 45) in Cu-
ritiba (data not shown).

Vaccinated admissions were older (median age = 74.8
years) than unvaccinated admissions (median age = 19.3
years) (P< 0.001) (Table 5). The proportion of partici-
pants with underlying conditions was significantly higher
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Age
group aOR (95% ClI)
1-4y
A(H1N1)pdm09 * 1.95 (1.57, 2.43)
A(H3N2) —~— 1.87 (1.03, 3.39)
B/Victoria --— 2.00 (1.34, 2.99)
Subtotal (1?=0.0%, p=0.984) 1.95 (1.59, 2.31)
5-17y
A(H1N1)pdm09 - 1.87 (1.42, 2.47)
A(H3N2) < — 1.32 (0.60, 2.88)
B/Victoria —_—— 5.77 (3.80, 8.78)
Subtotal (1=80.5%, p=0.006) 1.92 (1.45, 2.38)
18-49y
A(H1N1)pdm09 - 2.12 (1.68, 2.68)
A(H3N2) —_—— 3.45 (1.86, 6.39)
B/Victoria - 2.49 (1.64, 3.78)
Subtotal (12=0.0%, p=0.466) 2.23(1.79, 2.68)
50-64 y
A(H1N1)pdm09 - 3.05 (2.25, 4.13)
A(H3N2) —_—— 3.16 (1.53, 6.55)
B/Victoria <« 0.82 (0.44, 1.55)
Subtotal (1>=88.8%, p<0.001) 1.46 (0.99, 1.93)
65-74y
A(H1N1)pdm09 - 2.39 (1.64, 3.46)
A(H3N2) —— 4.27 (2.02, 9.04)
B/Victoria —— 1.82 (1.03, 3.19)
Subtotal (12=0.0%, p=0.373) 2.23 (1.55,2.92)
75-84y
A(H1N1)pdm09 - 1.86 (1.28, 2.71)
A(H3N2) B S—— 5.08 (2.43, 10.63)
B/Victoria — 1.33 (0.74, 2.39)
Subtotal (12=44.1%, p=0.167) 1.69 (1.16, 2.23)
285y
A(H1N1)pdm09 - 1.26 (0.78, 2.05)
A(H3N2) & 5.94 (2.47, 14.28)
B/Victoria -« 0.71 (0.33, 1.50)
Subtotal (1>=53.2%, p=0.118) 0.99 (0.56, 1.42)
| | | |
01 5 10 15

Fig. 3 Adjusted odds ratio (@OR) by age group and strain. Adjusted by age, sex, socioeconomic class, number of chronic conditions, vaccination
status, time from onset of symptoms to swabbing, and site. Abbreviation: Cl, confidence interval

than for unvaccinated (13.9%) admissions (P <0.001).
Vaccination was more common in individuals hospitalized
in the previous 12 months than in those who had not been

in vaccinated admissions (72.3%) than in unvaccinated ad-
missions (28.4%) (P < 0.001). Also, the proportion of individ-
uals considered obese was higher for vaccinated (21.5%)
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Strain aOR (95% Cl)
A(H1N1)pdmO09 —— 1.20 (1.00, 1.50)
A(H3N2) —— 0.90 (0.60, 1.40)
B/Victoria — 0.90 (0.70, 1.20)
Subtotal (I-squared = 37.8%, p = 0.200) 1.03 (0.86, 1.19)
T T T
0 1 2 3
Fig. 4 Adjusted odds ratio (@OR) by strain in admissions with underlying conditions. Adjusted by age, sex, socioeconomic class, obesity status,
vaccination status, time from onset of symptoms to swabbing, and site. Abbreviation: Cl, confidence interval

(P <0.001) and more common in individuals who visited a
general practitioner within the last 3 months than those
who did not (P < 0.001). Only 8 of the 614 pregnant patients
(1.3%) were vaccinated. Most patients vaccinated in the
2015-2016 influenza season reported prior influenza vaccin-
ation: 72.8% were also vaccinated in 2013-2014, and 81.2%
were also vaccinated in 2014—-2015.

IVE in overall admissions and in patients targeted for
influenza vaccination

Against all-age influenza-related hospitalization, the
crude IVE was 47.0% (95% CI, 38.6 to 54.2%) overall
(Table 4). After adjusting for age, sex, number of chronic
conditions, time from onset of symptoms to swabbing,
epidemiological week at admission, and site, IVE was

aged 15-45 years. Abbreviation: Cl, confidence interval

Strain aOR (95% Cl)
A(H1N1)pdm09 5.47 (3.02,9.91)
A(H3N2) —_— 1.62 (0.59, 4.43)
B/Victoria + 2.34 (1.12,4.89)
Subtotal (12=457%, p=0.159) 2.45(1.19, 3.70)

T T T T
01 2 5 10

Fig. 5 Adjusted odds ratio (@OR) by strain in pregnant admissions 15 to 45 years of age.

Adjusted by presence of comorbidities. Only in women
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Table 5 Characteristics of patients included in the IVE analysis by vaccination status
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Risk variable Category Unvaccinated Vaccinated P value
Number of patients, n (%) Controls 5452 (72.9) 1250 (83.6) < 0.001
Cases 2023 (27.1) 246 (164)
Age (y) Median (IQR) 193 (3.0-519) 74.8 (56.3-83.3) < 0001
Age group, n (%) 6-11 months 524 (7.0) 14 (0.9) < 0.001
1-4y 2370 (31.7) 76 (5.1)
5-17y 758 (10.1) 6 (9.1)
18-49 y 1879 (25.1) 4(76)
50-64y 726 (9.7) 4(7.6)
65-74y 487 (6.5) 302 (20.2)
75-84y 513 (6.9 438 (29.3)
285y 218 (2.9) 302 (20.2)
Female, n (%) - 3480 (46.6) 637 (42.6) 0.005
Comorbidities, n (%) No 5350 (71.6) 5(27.7) < 0.001
Yes 2125 (284) 1081 (72.3)
Pregnant (women 15-45y), n (%) - 606 (594) 8 (29.6) 0.002
Obese?, n (%) - 1038 (13.9) 321 (21.5) < 0.001
Hospitalization within <12 mo, n (%) - 1954 (26.1) 549 (36.7) < 0.001
Outpatient consultations within <3 mo, n (%) No 2624 (35.11) 304 (20.32) < 0.001
Yes 4850 (64.89) 1192 (79.68)
Smoking (2 18'y), n (%) Current 949 (25.0) 6 (14.7) < 0.001
Past 924 (24.3) 475 (37.5)
Never 1926 (50.7) 605 (47.8)
Functional impairment (= 65 y), n (%) None or minimal 471 (46.0) 572 (58.3) < 0.001
Mild 321 (314) 232 (23.7)
Moderate 98 (9.6) 54 (5.5)
Severe 38 (3.7) 39 (4.0
Total 95 (9.3) 84 (8.6)
Sampling interval (d) Median (IQR) 3 (2-5) 4 (2-5) < 0.001
Sampling interval, n (%) <4d 5139 (68.8) 920 (61.5)
5-7d 2104 (28.2) 475 (31.8)
8-9d 232 (3.1) 101 (6.8)
Site, n (%) St. Petersburg 1645 (22.0) 45 (3.0) < 0.001
Moscow 1808 (24.2) 87 (5.8)
Czech Republic 115 (1.5 7 (0.5)
France 81 (1.1) 60 (4.0)
Turkey 522 (7.0) 43 (29)
Beijing 1854 (24.8) 258 (17.3)
Valencia 1018 (13.6) 931 (62.2)
India 259 (3.5) 15 (1.0)
Mexico 87 (1.2) 5(03)
Curitiba 86 (1.2) 45 (3.0)
Vaccinated, n (%) In 2013-2014 526 (7.1) 1073 (72.8) < 0.001
In 2014-2015 545 (74) 1200 (81.2) < 0001

?Determined from the body mass index according to age and sex following the World Health Organization guidelines [12]
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16.3% (95% CI, 0.4 to 29.7%) overall. By strain, the ad-
justed IVE was 36.0% (95% CI, 18.0 to 50.1%) against
A(HIN1)pdmO09, 16.1% (95% CI, — 35.9 to 48.2%) against
A(H3N2) and - 49.3% (95% CIL,—99.5 to — 11.7%) against
the B/Victoria-lineage. Considering these three predom-
inant strains, IVE heterogeneity between strains was
substantial (12 for adjusted IVE = 84.6%; data not shown).
Reliable IVE estimates could not be made by age group
for B/Yamagata or B not subtyped because these strains
were not frequently detected (Table 4). IVE differed little
between younger and older patients in the overall popu-
lation: the adjusted IVE was 11.9% (95% CI, - 12.9 to
31.3%) for patients < 65 years of age and 13.4% (95% CI,
—-12.7 to 33.5%) for patients >65 years of age (Table 4).
Differences in adjusted IVE between the two age groups
for individual strains were not statistically significant.
Results were similar when restricting the analysis to
patients targeted for influenza vaccination: the crude
IVE for all ages was 51.8% (95% CI, 42.7 to 59.5%) and
the adjusted IVE was 16.2% (95% CI, - 3.6 to 32.2%)
(Table 4). By strain, the adjusted IVE was 23.0% (95% CI,
- 3.3 to 42.6%) against A(HIN1)pdm09, — 9.1% (95% CI,
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- 88.4 to 36.8%) against A(H3N2), and - 25.6% (95% CI,
- 86.3 to 15.4%) against B/Victoria lineage.

IVE across sites
The highest overall IVE among all hospitalizations was
detected in Moscow, followed by France, St. Petersburg,
Turkey, and India (Fig. 6). The lowest IVE was detected
in Curitiba, followed by Mexico, Beijing, Czech Republic,
and Valencia. IVE was only significant in Moscow. Be-
tween sites, heterogeneity in the estimates of IVE against
influenza-related hospitalization was low (I* for adjusted
IVE = 12.1%).

The influenza vaccines available and target populations in
each represented country are provided in Additional file 3:
Table S3.

Discussion

Data collected by active surveillance within the GIHSN
sites indicated that during the 2015-2016 influenza sea-
son (week 48 of 2015 to week 33 of 2016), the predom-
inant circulating strain in hospitalized individuals was
A(HIN1)pdm09 followed by B/Victoria-lineage and

Coordinating
Adjusted IVE, % (95% CI)
site
St. Petersburg -» 20.3 (-56.6, 59.4)
Moscow il 48.9 (12.5,70.2)
Czech Republic —_— -26.9 (-796.0, 82.0)
Turkey -+ 18.1 (-84.1, 63.6)
France N 35.9 (-60.2, 74.3)
Beijing - -31.9 (-89.8, 9.6)
Valencia * -0.1 (-35.6, 26.0)
Mexico - -49.2 (-1711.8, 87.7)
India —_— 11.1 (-370.4, 83.2)
Curitiba —_— -107.6 (-879.4, 56.0)
Subtotal (12=12.1%, p=0.332) 18.4 (1.2, 35.6)
I I I
-2000 -1000 -500 0
Fig. 6 Adjusted influenza vaccine effectiveness (IVE) by site. Adjusted by age, sex, number of chronic conditions, time from onset of symptoms to
swabbing and epidemiological week at admission. Abbreviation: Cl, confidence interval
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A(H3N2) strains. B/Yamagata-lineage strains were rela-
tively rare. This agrees with overall patterns of influenza
circulation reported by the World Health Organization
and others [13-17]. The predominance of influenza
A(HIN1)pdmO9 in Saint Petersburg (Russia), Moscow
(Russia), Czech Republic, Turkey, France, Valencia
(Spain), Mexico and Curitiba (Brazil), and B/Victoria-li-
neage in Beijing (China), agree with data reported for
these countries [18—24]. Regional activity for A(H3N2)
was reported in India, coinciding with our data obtained
in the country’s Jammu and Kashmir state [24].

During the 20152016 season, admissions with laboratory-
confirmed influenza were younger than those who were
negative for influenza, and about three-quarters (76%) of
influenza-positive admissions were <50years of age. As
found by the GIHSN in 2014-2015 season [8], among pa-
tients with laboratory-confirmed influenza, those positive for
A(HIN1)pdm09 were younger than those positive for
A(H3N2) or B/Yamagata-lineage, although patients positive
for B/Victoria-lineage were the youngest. Patients with
underlying conditions were more prone to be infected by
A(HIN1)pdmO09 or A(H3N2) than by B/Victoria-lineage.
However, most (72%) of the influenza-positive patients did
not have chronic conditions (Fig. 2). These results confirm
that healthy and young individuals are susceptible to severe
influenza, in agreement with our previous reports [5-8].

As reported previously in the GIHSN [7, 8] and in a
recent meta-analysis [25], hospitalized women were
more likely to be positive for influenza if they were preg-
nant. However, only 8 out of 614 (1.3%) pregnant
women were vaccinated against influenza. The vaccin-
ation coverage rate was also low for the overall study
population (15.4%).

According to the current study, IVE in 2015-2016 was
low to moderate against hospitalization with laboratory-
confirmed influenza (adjusted IVE =16.3% [95% CI, 0.4
to 29.7%]) and did not differ significantly between youn-
ger and older patients. By comparison, the GIHSN re-
ported overall adjusted IVEs against hospitalization with
laboratory-confirmed influenza of 33% (95% CI, 11 to
49%) in 2012-2013 [5] and 22% (95% CI, 8 to 33%) in
2014-2015 [8]. Other reports from Hong Kong, the US,
and Finland have shown a higher IVE for the 2015-2016
season (IVEs ~50%—-70%) than that reported in the
current study [26—29]. We speculate that the differences
in IVE estimates are related to a combination of differ-
ent circumstances; among them, the variable genetic and
antigenic characteristics of the A(HIN1)pdmO09 and
A(H3N2) emerging clades circulating in different parts
of the world [30-32], the potential inadequacy of the re-
sponse to egg-derived vaccines [33], the mismatch be-
tween the vaccine and circulating B viruses [34], and the
age composition compounded with low levels of vaccin-
ation in our population [35].
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The highest IVE was against A(HIN1)pdmO09 (adjusted
IVE =36.0% [95% CI, 18.0 to 50.1%), in agreement with
reports that the circulating A(HIN1)pdm09 virus was
antigenically similar to the vaccine strain [15]. Despite a
new emerging A(HIN1)pdm09 6B.1 subclade detected
in Spain, Canada, and Denmark [30, 31, 36], several
other studies have similarly reported moderate effective-
ness against A(HIN1)pdmO09 in different age groups and
healthcare settings [26, 28, 31, 36—38].

We were unable to obtain reliable IVE estimates for B/
Yamagata-lineage or B not subtyped by age group be-
cause these strains were not frequently detected. The
vaccine had no effect on illness caused by B/Victoria-li-
neage viruses, which could be due to the absence of a B/
Victoria-lineage strain from the WHO-recommended tri-
valent inactivated vaccine for the northern hemisphere
2015-2016 season [39]. This also suggests that any
cross-lineage antibody response from the trivalent vaccine
B/Yamagata-lineage strain was insufficient to protect
against illness caused by circulating B/Victoria-lineage
strains. Although we obtained one isolated negative IVE
in preventing admissions with B/Victoria-lineage, all other
IVE estimates for the B/Victoria-lineage consistently
showed no effect, and so emphasizing this isolated nega-
tive IVE would incorrectly reject the null hypothesis [40].
A multi-comparison adjustment could have been used to
solve this, though we choose to follow the reasoning of
other authors that endorse the reporting of all results, not
adjusting for multiple comparisons [41, 42]. These find-
ings are consistent with several other reports for the
2015-2016 season [27, 36, 43] and highlight the need for
quadrivalent vaccines containing both B lineages [44—46].

We observed substantial differences between crude
and adjusted IVE estimates. This is likely because young
adults have a lower probability of vaccination and under-
lying conditions compared to older subjects, whereas
older adults are more often vaccinated and experience
an increased risk of adverse health effects due to age and
underlying comorbidities (as shown in Fig. 2). Therefore,
when no age distinction is made in the analysis (i.e., no
adjustment or stratification by age) this bias leads to a
higher vaccination efficacy and, accordingly, the estimate
adjusted by age and stratified by age group (i.e., <65
and > 65 years) is lower than the crude (unadjusted, not
stratified) estimate. Indeed, some authors consider it im-
proper to report crude estimates at all [47].

Limitations and considerations

As described previously [7], results from the GIHSN
should be interpreted with caution due to the heterogen-
eity and bias of multi-centric observational studies. The
GIHSN takes heterogeneity into account by using a
test-negative design that compares laboratory-confirmed
influenza admissions with influenza-negative admissions,
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and by restricting the analysis to periods with influenza
circulation, adjusting modeling, and accepting only data
from patients admitted within 7 days of the onset of ILI
symptoms. In addition, all participating sites follow a
standardized protocol that is regularly reviewed and re-
inforced during the GIHSN annual general meeting and
on-site visits at each participating hospital. Through this
common core protocol, the ILI case definition used in
our study was the same between different study sites,
and selection bias was minimized by enrolling consecu-
tive admissions without knowing their vaccination status
or the laboratory results for influenza infection.

In addition, different sources of data were used to ensure
complete case ascertainment, including data from clinical
records, health registries, and information provided by the
patient and attending nurses and doctors. Influenza vaccin-
ation status was obtained by asking the patient (or repre-
sentative) if they had received the current season’s
influenza vaccine, the date of vaccination, and if the vaccine
had been administered at least 2 weeks before the onset of
symptoms. Additionally, when records existed, this infor-
mation was validated by existing registers, vaccination
cards, or through contacting the clinic where the vaccine
was administered. To describe heterogeneity we reported
the I* parameter. Finally, we used random effects to ac-
count for variability by site.

From 2014-2015 to 2015-2016, the GIHSN expanded
from seven coordinating sites in six countries to 11 co-
ordinating sites in nine countries. Even though the
GIHSN has expanded, the total number of included ad-
missions decreased slightly from the previous year: in
2015-2016, 18,360 eligible admissions were identified of
which 9882 (53.8%) met the inclusion criteria, whereas
in 2014-2015, 23,551 eligible admissions of which 9614
(40.8%) met the inclusion criteria. Therefore, for some
analyses, small numbers continue to be a limitation. The
ability to pool data across the GIHSN sites helps, al-
though further improvement will depend on the contin-
ued expansion of the network and the growing
experience of the participating sites.

Conclusions

The 2015-2016 influenza season was dominated by
A(HIN1)pdmO09, followed by B/Victoria-lineage and
A(H3N2), with few cases of B/Yamagata-lineage. Many
of the influenza hospitalizations were for young, other-
wise healthy individuals, and as in previous years, hospi-
talized women were more likely to be positive for
influenza if they were pregnant. During the 2015-2016
season, influenza vaccines provided low to moderate
protection against hospitalization with influenza and no
protection against the predominant circulating B lineage,
highlighting the need for more effective and broader in-
fluenza vaccines.
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