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Brazil
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Abstract

Influenza A and B viruses pose significant global health threats, with substantial
impacts on morbidity and mortality. Understanding their molecular epidemiology in
Brazil, a key hub for the circulation and dissemination of these viruses in South America,
remains limited. This study, part of the Center for Viral Surveillance and Serological
Assessment (CeVIVAS) project, addresses this by analyzing data and samples from all
Brazilian macroregions, along with publicly available sequences from 2021-2023.

Phylogenetic analysis of the Hemagglutinin (HA) segment of Influenza
A/H1N1pdm09, A/H3N2, and Influenza B/Victoria-lineage revealed the predominance
of A/H3N2 2a.3 strain in 2021 and early 2022. This was succeeded by A/H3N2 2b until
October 2022, after which A/H1N1pdm09 5a.2a and 5a.2a.1 lineages became prevalent,
maintaining this status throughout 2023. B/Victoria circulated at low levels between
December 2021 and September 2022, becoming co-prevalent with A/H1N1pdm09 5a.2a
and 5a.2a.1 lineages.

Comparing the vaccine strain A/Darwin/9/2021 with circulating A/H3N2 viruses
from 2021-2023 revealed shared mutations to aspartic acid at residues 186 and 225,
altering the RBD domain’s charge. For A/H1N1pdm09, the 2022 consensus of 5a.2a.1
and the vaccine strain A/Victoria/2570/2019 had 14 amino acid substitutions. Key
residues such as H180, D187, K219, R223, E224, and T133 are involved in hydrogen
interactions with sialic acids, while N130, K142, and D222 may influence distance
interactions based on docking analyses.

Distinct Influenza A lineage frequency patterns across Brazil’s macroregions
underscore regional variations in virus circulation. This study characterizes the
dynamics of Influenza A and B viruses in Brazil, offering valuable insights into their
circulation patterns. These findings have significant public health implications,
informing strategies to mitigate transmission risks, optimize vaccination efforts, and
enhance outbreak control measures.

Author summary

This study investigates the molecular epidemiology of Influenza A and B viruses in
Brazil from 2021 to 2023. Utilizing data from the Center for Viral Surveillance and
Serological Assessment (CeVIVAS) and public databases, we performed a
comprehensive phylogenetic analysis of the Hemagglutinin segments of Influenza
A/H1N1pdm09, A/H3N2, and B/Victoria-lineage viruses across all Brazilian
macroregions. Key findings reveal that the A/H3N2 2a.3 strain was predominant in
2021 and early 2022, followed by A/H3N2 2b, and later by A/H1N1pdm09 5a.2a and
5a.2a.1 lineages in late 2022 and throughout 2023. The B/Victoria strain circulated at
low levels initially and later co-prevailed with A/H1N1pdm09 lineages. Comparing the
vaccine strain A/Darwin/9/2021 with circulating A/H3N2 viruses from 2021-2023 and
A/Victoria/2570/2019 with 5a.2a.1 of A/H1N1pdm09 circulating in 2022 revealed
significant mutations which could affect the interaction of the viruses with sialic acids
and potentially impact vaccine efficacy. Notably, we identified a substitution pattern
among the predominant Influenza subtypes and observed distinct regional variations in
Influenza A lineage frequencies across Brazil. These findings are critical for optimizing
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vaccination strategies and provide valuable data to inform public health policy and
improve health outcomes.

Introduction 1

Influenza A and B viruses cause annual worldwide epidemics, significantly impacting 2

public health due to their high morbidity and mortality rates [1, 2]. These infections 3

predominantly manifest as respiratory illnesses, exhibiting varying severity and serious 4

complications, particularly among vulnerable demographics such as children and the 5

elderly [3–5]. Annually, Influenza is responsible for over 200,000 deaths globally [6–8]. 6

In Brazil, as well as globally, the primary causative agents of seasonal Influenza are 7

Influenza A subtypes, particularly H1N1 and H3N2 [9,10]. However, since 2001, there 8

has been a co-circulation of Influenza B lineages, Victoria and Yamagata, with the 9

Victoria lineage emerging as the predominant strain in recent seasons [11,12]. 10

Previous studies have indicated significant variation in the evolutionary patterns of 11

Influenza A and B viruses based on viral strain [13,14]. While Influenza A/H3N2 12

subtypes exhibit relatively rapid evolution with frequent replacements occurring every 2 13

to 5 years, A/H1N1pdm09 and Influenza B viruses evolve more slowly [15]. Despite this 14

slower evolution, the co-circulation of multiple lineages allows for the emergence of new 15

antigenic variants approximately every 3–8 years [16,17]. 16

Furthermore, these studies underscore the critical role of genomic surveillance of 17

Influenza for understanding its epidemiology, incidence, and phylogenetic relationships, 18

which may impact disease severity [18, 19]. Hemagglutinin, the primary antigenic target 19

of Influenza vaccines, plays a crucial role in the pathogenesis of the infection and is 20

subject to antigenic changes that can affect vaccine efficacy [10,20,21]. 21

Despite Brazil’s established protocol for Influenza sample collection and vaccine 22

strain selection [9], there remain gaps in the comprehensive genetic and phylogenetic 23

characterization of Influenza A and B viruses in the country. This study aims to address 24

these gaps by assessing and characterizing Influenza A and B viruses collected across 25

the five Brazilian macroregions between 2021 and 2023 through phylogenetic analysis of 26

the HA gene. 27

Materials and methods 28

CeVIVAS Dataset 29

Clinical Sample Collection 30

The CeVIVAS project, a collaborative initiative involving the Instituto Butantan, 31

Hemocentro Ribeirão Preto, several Central Public Health Laboratories (LACEN) 32

across Brazil, and the municipalities of São Paulo and São Bernardo do Campo, aims to 33

enhance viral surveillance and serological assessment. To ensure representative sampling 34

of Influenza, CeVIVAS included LACENs from all five Brazilian macroregions: Pará 35

(North), Alagoas and Bahia (Northeast), Federal District (Braśılia), Mato Grosso 36

(Midwest), Ribeirão Preto, São Paulo, and São Bernardo do Campo cities (Southeast), 37

and Paraná (South). 38

Only samples that tested positive for Influenza viruses with Ct values ¡ 30 39

accompanied by available epidemiological metadata, such as the date and sample 40

collection location, were selected and sequenced. This stringent criterion ensures the 41

inclusion of informative samples for a more comprehensive assessment of the prevalence 42

and genetic diversity of circulating Influenza A and B viruses in Brazil. 43
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This comprehensive collection effort yielded 1,277 newly generated Brazilian HA 44

sequences, distributed as follows: 313 samples of Influenza A/H1N1pdm09: 56 from 45

Alagoas, 4 from Bahia, 50 from the Federal District, 23 from Mato Grosso, and 180 46

from São Paulo; 713 samples of Influenza A/H3N2, with contributions from Alagoas 47

(126), Bahia (235), Pará (22), the Federal District (86), Mato Grosso (69), and São 48

Paulo (175), and 252 samples of Influenza B/Victoria lineage, 130 from Alagoas and 122 49

from São Paulo. It is noteworthy that all sequences, but one, exhibit a minimal 83% 50

coverage and complete HA CDS gene. For further details, refer to S5 Fig and S8 Table. 51

All sequences generated in this study were deposited in the GISAID database. 52

The sampling plan was meticulously designed to ensure precision and 53

representativeness of the collected data. We utilized a margin of error (alpha error) of 54

5% and a confidence interval (CI) of 95%, allowing for precise estimation of population 55

parameters. Additionally, we established a sampling power of at least 80%, ensuring the 56

study’s ability to detect true differences or effects if present in the population. The final 57

calculated sample size was increased by 20% to account for possible losses. 58

Furthermore, acknowledging the influence of seasonality on influenza prevalence, we 59

adjusted the sample to seasonal variation. During high prevalence months (October to 60

May), we reduced the sample by 0.25, and in the remaining months, we increased it by 61

0.5 [22]. This approach ensured adequate sample size in each phase of the study, 62

maintaining the representativeness of the collected data. The sample was calculated at 63

the state level to guarantee precision and representativeness in each macroregion. 64

Furthermore, the sample selection involved municipal diversity within each state. 65

Influenza A and B Whole Genome Sequencing 66

The positive clinical samples for Influenza A and B were extracted following the 67

methodology described in Supporting information. Influenza A genomic sequences were 68

obtained using universal primers for Influenza A (Opti1-F1, Opti1-F2, and Opti1-R1) as 69

previously described by Mena et al. (2016), with minor modifications, for specific 70

details on the reaction conditions refer to Supporting information. Influenza B genomes 71

were obtained using the same one-step amplification strategy however utilizing a set of 72

Influenza B universal primers described by [23]. Pooled libraries were sequenced using 73

2x150 bp pair-end flow cell kits for NextSeq2000 or 2x150 bp pair-end flow cell kits for 74

MiSeq (Illumina). For more information about genomic library preparation and 75

Influenza next-generation sequencing see Supporting information. 76

Genome Assembly Pipeline 77

The raw reads were submitted to an assembly pipeline consisting of three main steps, as 78

depicted in S6 Fig. Initially, Trimmomatic was employed to exclude low-quality reads, 79

adapters, and primer sequences [24]. 80

Subsequently, the filtered reads underwent the first main step of the pipeline, where 81

VAPOR [25] and an Influenza genome database were utilized. The Influenza genome 82

database comprises sequences sourced from GISAID and GenBank, provided by 83

INSaFLU [26]. The objective was to identify the best reference sequence for each 84

segment of the Influenza virus. To achieve this, the segment sequence with the highest 85

score was extracted from the database using seqtk [27] (available at: 86

https://github.com/lh3/seqtk). This selected reference segment was then employed 87

in the second main step, which involved individual assembly of each genomic viral 88

segment. 89

The filtered reads were mapped to the selected reference segment using Bowtie2, 90

with the –very-sensitive parameter for segment-specific reads selection [28]. Properly 91

paired reads were extracted using SAMtools and BEDtools [29,30]. The segment-specific 92
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reads were subsequently submitted to assembly using SPAdes [31]. The refinement 93

process entailed mapping the scaffolds to the selected segment reference using Minimap2 94

with default parameters [32]. A pre-consensus was then generated using SAM tools and 95

iVar [33]. An in-house Python script was applied to substitute degenerated bases 96

inserted by iVar for Ns, as the assembled scaffolds may contain potential SNPs. 97

To obtain the final polished consensus segment, the filtered reads were mapped 98

against the pre-consensus using Bowtie2. The iVar tool was employed with the 99

parameters -m 10 and -q 20, requiring a minimum depth of 10 reads and a frequency of 100

25%. All the assembled segments from the sample were combined to generate a final 101

genome fasta file. In cases where segment 4, which codes for the HA gene, was 102

successfully assembled, it was subjected to clade attribution using Nextclade [34]. The 103

clade attribution was performed by comparing the assembled segment against the 104

following references: H1- A/Wisconsin/588/2019 (MW626062), H3- A/Darwin/6/2021 105

(EPI1857216), Victoria- B/Brisbane/60/2008 (KX058884), Yamagata - 106

B/Wisconsin/01/2010 (JN993010). 107

GISAID Dataset 108

To expand our dataset, we obtained additional HA gene sequences from the Global 109

Initiative on Sharing All Influenza (GISAID) EpiFlu Database [35] (available at: 110

https://www.gisaid.org/, accessed September 2023). This database includes 111

sequences from Brazil and worldwide, from 2021 to 2023. We concentrated our analysis 112

on the Influenza B/Victoria lineage and the Influenza A virus subtypes A/H3N2 and 113

A/H1N1pdm09, given the absence of the Influenza B/Yamagata lineage detections since 114

2019 [11]. The dataset from Brazil, encompassing all macroregions, included 604 HA 115

sequences for Influenza A/H1N1pdm09, 1,637 for A/H3N2, and 527 for B/Victoria. To 116

perform a comprehensive phylogenetic analysis and minimize bias we sample 117

non-Brazilian sequences across regions, including Argentina, Australia, China, South 118

Africa, the United States, and the United Kingdom (see S10 Table). These locations 119

were carefully chosen to encompass the world’s major geographic subdivisions and to 120

ensure the availability of deposited sequences. Argentina, Australia, and South Africa 121

were selected to represent countries in the Southern Hemisphere, spanning the 122

continents of South America, Oceania, and Africa, respectively. Conversely, China, the 123

United States, and the United Kingdom were chosen to represent countries in the 124

Northern Hemisphere covering Asia, North America, and Europe, respectively [36]. We 125

selected only high-quality sequences, with at least 85% coverage and complete HA CDS 126

gene. For detailed information, see S8 Table. 127

Also, we selected hemagglutinin (HA) sequences from WHO-recommended trivalent 128

egg-based vaccine strains for the 2021 to 2024 epidemic seasons in the Southern 129

Hemisphere (SH) [37–39]. Specifically, for the Influenza A/H1N1pdm09 dataset, the 130

strains A/Victoria/2570/2019, A/Sydney/5/2021, and A/Victoria/4897/2022 were 131

included. For the Influenza A/H3N2 dataset, we added A/Hong Kong/2671/2019, 132

A/Darwin/9/2021, and A/Thailand/8/2022. And in the dataset for the Influenza 133

B/Victoria lineage, we included B/Washington/02/2019 and B/Austria/1359417/2021. 134

Detailed information about these vaccine strains can be found in S11 Table. 135

For our final dataset, we merged CeVIVAS, GISAID, and Vaccine datasets, resulting 136

in 3,966, 8,609, and 3,996 sequences from A/H1N1pdm09, H3N2, and 137

B/Victoria-lineage, respectively. For more information see S8 Table. 138

Phylogenetic Analysis 139

The phylogenetic trees of the A/H1N1pdm09, A/H3N2, and Influenza B/Victoria were 140

inferred using the Nextstrain pipeline [34] (build available in 141
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https://github.com/nextstrain/seasonal-flu). Clades and subclades are assigned 142

using the collection of signature mutations provided by Nextstrain for each lineage of 143

A/H1N1pdm09, A/H3N2, and B/Victoria. The maximum-likelihood method using 144

IQTree [40], was applied under the general time-reversible (GTR) model. To 145

statistically support the phylogenetic trees, we applied ultrafast Bootstrap (UFBoot) 146

using 1000 replicates [40]. UFBoot confidence values >70% were considered as the 147

cut-off for clustering. In the Nextstrain pipeline, during phylogenetic analysis and 148

refining steps, samples that significantly deviate from the molecular clock model are 149

automatically removed, resulting in phylogenetic trees comprising 3,517, 8,420, and 150

3,194 sequences from A/H1N1pdm09, A/H3N2, and B/Victoria-lineage, respectively. 151

All trees were edited in R using the ggtree package [41]. 152

Genetic Analysis of Brazilian Influenza Lineages 153

Comparison of Vaccine Strains and Brazilian Consensus 154

To identify the presence of amino acid substitution in the HA segment in Brazilian 155

sequences, we first categorized them based on their subclade/lineage and year of 156

circulation. Next, only complete sequences with 100% coverage were selected, and a 157

consensus sequence was generated by selecting the bases that appeared in at least 50% 158

of the circulating sequences for each subclade/year group. We then compared the 159

consensus sequences obtained from the Brazilian sequences with the vaccine strains 160

recommended by the WHO for the Southern Hemisphere in the seasons spanning from 161

2021 to 2024. These comparisons were performed using amino acid sequences. The HA 162

epitope regions were defined according to the Nextstrain pipeline, which is a widely 163

used tool for the analysis of viral genetic sequences [42]. This approach aimed to 164

identify any potential amino acid substitutions in the HA segment of Brazilian 165

sequences compared to the vaccine strains, providing insights into the antigenic 166

variability and potential implications for vaccine efficacy. 167

0.0.1 Protein Structural Prediction Analysis 168

The protein structure prediction was performed using Modeller software version 169

10.4 [43]. To predict the structure of A/H1N1pmd09 hemagglutinin, we used the 170

PDB6UYN, PDB6HJQ, and PDB5C0S structures as templates. For A/H3N2 171

hemagglutinin, we used the PDB4O58 structure as a template. All templates were 172

selected prioritizing identity (>80%), coverage (>80%), resolution (<3.0Å), and their 173

interaction with antibodies. After predicting the structures, we performed protonation 174

using PDB2PQR v3.0 [44]. This step adjusts the ionization states of amino acid 175

residues based on the input data, such as the pH value. We used the Propka method to 176

predict the titration state of amino acid residues at pH 7.4 [45,46]. To perform all 177

electrostatic analyses, we used the APBS v5.0 software (Jurrus et al., 2018). For 178

molecular docking assays, we used the Autodock Vina program [47]. We prepared the 179

vaccine strain egg-propagated A/Victoria/2570/2019 and the consensus of subclade 180

5a.2a.1 from 2022, as well as the sialic acid (alpha-2,3, and alpha-2,6) at pH 7.4. The 181

Gasteiger partial charge assignment was performed using the MGLTools 1.5.6 program 182

(available at: https://ccsb.scripps.edu/mgltools). The grid center for molecular 183

docking was set at the RDB domain, with the coordinates x=-17.345, y=-75.700, and 184

z=48.168. The dimensions of the grid were set as X=18Å, Y=22Å, Z=18Å. This grid 185

represents the region where the docking simulations will be performed to predict the 186

binding affinity between the HA protein (vaccine strain and the consensus from the 187

predominant Brazilian strains) and sialic acids. 188

July 3, 2024 6/22

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted July 6, 2024. ; https://doi.org/10.1101/2024.07.04.602044doi: bioRxiv preprint 

https://github.com/nextstrain/seasonal-flu
https://ccsb.scripps.edu/mgltools
https://doi.org/10.1101/2024.07.04.602044
http://creativecommons.org/licenses/by/4.0/


Epidemiological Profile of Influenza A and Statistical Analysis 189

The expected value of viral lineages per region of Brazil was determined based on the 190

total frequency of each subclade across the country’s regions. This calculation involved 191

multiplying the expected frequencies of each subclade by the total observed frequency 192

for each region and subsequently dividing by the total number of observations within 193

that region. We considered any difference outside the range of the critical value as 194

significant. χ-square tests, with 0.05 as a significance level, were used to compare the 195

proportions of viral lineages by macroregions of Brazil. All statistical tests were 196

performed in R. 197

The sampling power of the combined dataset (GISAID and CeVIVAS) was 198

calculated as described above, in the Clinical Sample Collection section 199

Results 200

To better understand the panorama of the molecular epidemiology of Influenza 201

circulating in Brazil between 2021 and 2023, we generated genome sequences of these 202

viruses from different Brazilian States. We analyzed them together with Brazilian 203

sequences available in the public database. Through analysis of the public data, the viral 204

sequence data exhibited a steady rise over the last three years in Brazil. Still, the ratio 205

of available HA gene sequences concerning positive cases did not exceed 12% (S1 Fig). 206

Our results revealed the circulation of A/H1N1pdm09, A/H3N2, and B/Victoria in 207

Brazil between 2021 and 2023. It was possible to detect the predominance of the 208

A/H3N2 virus in 2021/2022, and the co-circulation of the three viruses at the end of 209

2022. However, in 2023, our analyses indicated a sharp increase in the circulation of 210

both B/Victoria and A/H1N1pdm09 viruses in the country (Fig 1). 211

Fig 1. Frequency of Influenza viruses circulating in Brazil between 2021 212

and 2023 according to the performed phylogenetic analysis. 213

Phylogenetic Analyses 214

A/H1N1pdm09 - Predominance of viruses belonging to the 5a.2a.1 subclade 215

Phylogenetically, all 896 Brazilian sequences were grouped in three clade/subclades: 216

almost in 5a.2a.1 (n=626, 70%) and, to a lesser extent, in subclade 5a.2a (n=252, 28%) 217

and clade 5a.1 (n=18, 2%) (Fig 2A) that were circulating in the period when this study 218

was concluded (first semester of 2023). In the 5a.2a.1 subclade, two main clusters were 219

recovered. The first cluster (I-blue, n=37, 4% of the total) was characterized by T216A 220

amino acid substitution and consisted of sequences primarily from the Southeast region 221

(n=32). These sequences were also grouped as a sister group of the vaccine strain 222

A/Victoria/4897/2022 - designated for administration in 2024 in the National Influenza 223

Vaccination Campaign [48]. The second cluster (II-blue, n=592, 65.8% of the total) 224

encompasses most Brazilian sequences from all regions of the country. From that 225

specific cluster, 115 sequences exhibited the T270A amino acid substitution, with a 226

notable prevalence in the North (n=61) and Northeast (n=34) regions (Fig 2B). 227

Within subclade 5a.2a, five clusters were recovered: the first cluster (I-pink; n=43, 228

4.8% of the total) mainly consisted of sequences from the Northern macroregion (n=35) 229

of the country displaying the S83P amino acid substitution (Fig 2C). Also, this cluster 230

was recovered as a sister group of the vaccine strain A/Sydney/5/2021 – administered in 231

2023 by the National Influenza Vaccination Campaign [9]. The second cluster (II-pink; 232

n=19, 2.1% of the total) grouped sequences from the Southern (n=17) region and was 233

characterized by A48P amino acid substitution. The third cluster (III-pink; n=13, 1.4% 234
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of the total) predominantly gathered sequences from Brazil’s Northeast (n=9) region. 235

Lastly, the fourth cluster (IV-pink, n=170, 19% of the total), grouped sequences from 236

all five macroregions of the country. 237

Within 5a.1, all Brazilian sequences (n=18, 2% of the total; Fig 2D) were grouped 238

into a single clade, characterized by the shared I149V amino acid substitution. This 239

clade predominantly consisted of sequences from the Southern region (n=15) and fewer 240

representatives from the Midwest (n=1), and Southeast regions (n=1). 241

Fig 2. Worldwide time-aware phylogeny of the genomic segment 242

Hemagglutinin (HA) of the A/H1N1pdm09 viruses collected between 243

January 2021 and July 2023 constructed by Nextstrain.(A) In Brazil, subclades 244

5a.2a.1 (clusters I-II) and 5a.2a (clusters I-IV) are notably predominant. Southern 245

Hemisphere recommended vaccine strains from 2021 to 2024 are indicated by asterisks 246

and red arrows. The black circles identified Brazilian sequences; the red circles 247

identified sequences generated in this study. (B) Zoom-out of 5a.2a.1 II cluster of 248

Brazilian sequences mostly from North and Northeast regions with HA1 T270A amino 249

acid substitutions. (C) Zoom-out of 5a.2a I cluster consisted of sequences mainly from 250

the North region with HA1 S83P amino acid substitution. (D) Zoom-out of 5a.1 251

grouping sequences mainly from the South region, characterized by HA1 I149V amino 252

acid substitution. 253

254

The comparison between the HA consensus of viruses circulating between 2021/2022 255

in Brazil and the vaccine strain egg-propagated A/Victoria/2570/2019 - vaccine 256

administered in the 2021/2022 seasons, revealed 8 to 16 amino acid substitutions. 257

Compared with the predominant Brazilian subclade (5a.2a.1) in 2022, 14 amino acid 258

substitutions were identified, 11 of which occurred in epitope regions. Notably, three 259

substitutions (R223Q, D260E, T277A) stand out by the position at the receptor binding 260

and Fusion domains according to protein structure prediction (Fig 3). In contrast, fewer 261

amino acid substitutions (4-10) were observed when comparing the predominant 262

subclades collected in 2023 in Brazil with the egg-propagated vaccine strain 263

A/Sydney/5/2021. Four common amino acid substitutions (N94D, A216T, R223Q, and 264

I418V) were identified upon comparison of the consensus sequences from subclades 265

5a.2a.1 and 5a.2a with the strain A/Sydney/5/2021. The R223Q mutation is 266

specifically at the residue responsible for interaction with sialic acid. As presented in 267

Fig 3A, none of those mutations were close to the region with interaction with some 268

antibodies like CR 6261. For more details see S1 and S2 Tables. 269

Fig 3. Influenza virus A/H1N1pdm09 hemagglutinin (HA) protein 270

structure and observed mutations between vaccine strain egg-propagated 271

A/Victoria/2570/2019 and Brazilian consensus from subclade 6B.1A5a.2a.1 272

(5a.2a.1) in 2022.(A) 3D predicted structure of complex antibody-HA, colored by 273

different domains. Fusion domain (red), HA2 ectodomain (cyan); VE vestigial esterase 274

domain (yellow), RBD receptor binding domain (green), TM anchor transmembrane 275

anchor (checkerboard cyan); Substitutions in HA epitope regions indicated by red 276

spheres. The antibody is colored by different chains: light chain (gray), and heavy chain 277

(sky-blue). (B) 1D schematic view of HA domains, colored by different domains. Color 278

coding as per panel (A). The main amino acid substitutions are shown in epitope 279

positions (red circle), and non-epitope region (gray circle). 280

281

According to the virtual docking assay, the vaccine strain A/Victoria/2570/2019 282

RBD residues as H180, D187, K219, R223, E224, and T133 are responsible for hydrogen 283

interactions with alpha-2,3 or alpha-2,6 sialic acids, while N130, K142, and D222 284
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residues could be responsible for distance interactions. When examining the consensus 285

sequence of subclade 5a.2a.1, we noted that only residues D187 and Q223 exhibited 286

hydrogen interactions, while W150 potentially engaged in a CH-pi interaction with 287

alpha-2,3 sialic acid. Regarding alpha-2,6 sialic acid, we observed that residue L191 288

could partake in a hydrophobic interaction with the substrate, while residues D187 and 289

Q223 persisted in hydrogen interactions. For more detailed information see S2 Fig. 290

Influenza A/H3N2 - High Diversification and Low Circulation 291

during the 2023 Season 292

Phylogenetically, all 2,265 Brazilian sequences were clustered mainly within subclade 293

3C.2a1b.2a.2a.3 (2a.3, n=1687, 74.5%), followed by subclade 3C.2a1b.2a.2b (2b, n=456, 294

20.1%), and to a lesser extent in subclades 3C.2a1b.2a.2c (2c, n=76, 3.4%), 295

3C.2a1b.2a.2a (2a.2a, n=35, 1.5%), 3C.2a1b.2a.2a.1 (2a.1, n=9, 0.4%), and 296

3C.2a1b.2a.2a.1b (2a.1b, n=2, 0.1%) (Fig 4A). 297

In our tree, within subclade 2a.3 two clusters were recovered: the first (I-blue, n=10, 298

0.4%) comprised only six sequences from the Midwest region, and the second cluster 299

(II-blue, n=1677, 74%) encompassed most Brazilian sequences from all regions of the 300

country. In subclade 2b, three clusters were recovered: the first cluster (I-gray, n=4, 301

0.2%) consisted of sequences originating from the South (n=3) and North (n=1) regions 302

sharing the I242M amino acid substitution. In the second cluster (II-gray, n=2, 0.8%), 303

the sequences from the South (n=2) presented S262N, T135A amino acid substitution. 304

Within the third cluster (III-gray, n=449, 19.8%) most sequences originated from all 305

regions of the country. The subclade 2c comprised exclusively of Northeast sequences 306

(n=76, 3.3%, Fig 4B). Also, this subclade was recovered as the sister group of the 3a.1, 307

which includes the vaccine strain Thailand/8/2022 - designated for administration in 308

2024 in the National Influenza Vaccination Campaign (BRASIL, 2024). In subclade 309

2a.2a, most of the sequences were from the North (n=35, 1.5%, Fig 4C). Among the 310

subclade 2a.1, sequences from all regions except the North were grouped. Within the 311

2a.1b subclade, only sequences from the Northeast (n=2) were recovered. 312

Fig 4. Worldwide time-aware phylogeny of the genomic segment 313

Hemagglutinin (HA) of the Influenza A/H3N2 collected between January 314

2021 and July 2023 constructed by Nextstrain.(A) In Brazil, predominance and 315

co-circulation of the subclades 2a.3 (clusters I-II blue), and 3C.2a1b.2a.2b (clusters I-III 316

gray). (B) Zoom-out of subclade 2c, demonstrating exclusively Northeast sequences. (C) 317

Zoom-out of subclade 2a.2a which was comprised mostly of sequences from the North 318

region. The black circles identified Brazilian sequences; the red circles identified 319

sequences generated in this study. Southern Hemisphere recommended vaccine strains 320

from 2021 to 2024, which are indicated by asterisks and red arrows. 321

322

The comparison between the HA consensus of viruses circulating during 2021 in 323

Brazil and the vaccine strain egg-propagated A/Hong Kong/2671/2019, which 324

constituted the vaccine administered in the 2021 season [22], revealed 18 to 23 amino 325

acid substitutions. In contrast, fewer amino acid substitutions (5-8) were observed when 326

comparing viruses collected in 2022 in Brazil with the vaccine strain egg-propagated 327

A/Darwin/9/2021 - which was administered from April 2022 to May 2023 during the 328

National Influenza Vaccination Campaign [49]. Upon comparing A/Darwin/9/2021 and 329

the prevailing Brazilian subclade (2b) during the second semester of 2022, our analysis 330

unveiled 6 amino acid substitutions, all localized within epitope regions (Fig 5). 331

Mutations at residue 186 and 225 located within the sialic acid binding site were 332

identified across all A/H3N2 virus lineages circulating in Brazil between 2021 and 2023. 333
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This mutation resulted in a change of charge from an uncharged polar residue 334

(Asparagine - N or Glycine - G) to a negatively charged residue (Aspartate - D). For 335

more details, see S3 and S4 Tables. Electrostatic analyses indicated that E50K and 336

F79V amino acid substitutions are in the fusion (F’) and vestigial esterase (VE) domains 337

of HA1, respectively (Fig 5). The E50K substitution changes the electrostatic profile, 338

while F79V could promote a change in the orientation of the side chain of amino acids 339

close to it (S3 Fig). The I140K, N186D, and G225D mutations induce a little difference 340

in the electrostatic profile of the RBD domain, making it a little more electro-negative 341

to the RBD domain of the vaccine strain (S4 Fig). As presented in Fig 5A, all those 342

mutations were close to the region with interaction with some antibodies like F045-092. 343

Fig 5. Influenza virus A/H3N2 hemagglutinin (HA) protein structure and 344

observed mutations between vaccine strain egg-propagated 345

A/Darwin/9/2021 and Brazilian consensus from subclade 3C.2a1b.2a.2b (2b) 346

in 2022.(A) 3D predicted structure of complex antibody-HA, colored by different 347

domains. Fusion domain (red), HA2 ectodomain (cyan); VE vestigial esterase domain 348

(yellow), RBD receptor binding domain (green), TM anchor transmembrane anchor 349

(checkerboard cyan); Substitutions in HA epitope regions indicated by red spheres. The 350

antibody is colored by different chains: light chain (gray), and heavy chain (sky-blue). 351

(B) 1D schematic view of HA domains, colored by different domains. Color coding as 352

per panel (A). The main amino acid substitutions are shown in epitope positions (red 353

circle). 354

355

Influenza B/Victoria-lineage - High Circulation in 2023 with 356

Regional Arrangement 357

The obtained phylogenetic tree revealed that all 778 Brazilian Influenza B viruses were 358

classified as Victoria lineage from the V1A.3a.2 clade (Fig 6A) and among those, almost 359

presented the D197E amino acid substitution (n=649, 83.4%). Within the V1A.3a.2 360

clade were recovered nine clusters. The first (I, n=42, 5.4%) was composed mostly of 361

sequences from the North (n=40) region of Brazil, in which T182A, D197E, and T221A 362

were characterized (Fig 6B. The second cluster (II, n=85, 11%) encompasses sequences 363

mostly from the Northeast, and a few sequences from all regions of the country (Fig 364

6C). This cluster was characterized by S208P, E128K, and A154E substitutions. The 365

third (III) cluster encompassed two sequences from the Northeast and shared G141R 366

substitution. Also, this cluster was recovered as a sister group of the recommended 367

vaccine strain B/Austria/1359417/2021 – which made up the vaccine administered from 368

2022 and the 2024 seasons (BRASIL, 2024, 2023a, 2022). The fourth (IV) cluster 369

comprised only one sequence from the Northeast region and displayed D197E, V117I, 370

A154T, K326R, and 128K amino acid substitution. The fifth cluster (V, n=104, 13.4%), 371

grouped sequences from all regions and can be characterized by D129G, E183K, and 372

V87A substitutions. The sixth cluster (VI, n=83, 10.7%) grouped sequences (n=83) 373

mostly from the Northeast (n=31) and North (n=30) regions, which shared the HA1 374

D197E, and Q200P amino acid substitutions (Fig 6AD). The seventh (VII) cluster 375

contains most of the Brazilian sequences (n=315), of which almost all come from the 376

Southeast and Northeast regions, both represented in nearly equal proportions. In the 377

eighth cluster (VIII, n=10, 1.3%) were grouped sequences from all Brazilian regions, 378

except the South, and presented D197E, and E183K substitutions. In the ninth cluster 379

(VIII, n=107, 13.7%), almost all sequences were from the Northeast (n=97) region, and 380

some were from the Southeast (n=8) and North (n=2) regions. This cluster was 381

characterized only by D197E amino acid substitution. 382
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Fig 6. Worldwide time-aware phylogeny of the genomic segment 383

Hemagglutinin (HA) of the Influenza B/Victoria-lineage viruses collected 384

between January 2021 and July 2023 constructed by Nextstrain. (A) In 385

Brazil, it was exclusively detected the circulation of the V1A.3a2 subclade. (B) 386

Zoom-out of cluster I (characterized by HA1 T182A, D197E, and T221A amino acid 387

substitutions), and composed mostly of sequences from the North region. (C) Zoom-out 388

of cluster II comprises mostly sequences from the Northeast, with S208P, E128K, and 389

A154E amino acid substitutions. (D) Zoom-out of cluster VI, grouping sequences mostly 390

from the Northeast and North regions, sharing HA1 D197E, and Q200P amino acid 391

substitutions. The black circles identify Brazilian sequences; the red circles identify 392

sequences generated in this study. A red circle identifies the sequences generated in this 393

study. The Southern Hemisphere recommended vaccine strains from 2021 to 2024 are 394

indicated by asterisks and red arrows. 395

396

The comparison between the HA consensus of the viruses circulating during 2022 397

with the vaccine strain egg-propagated B/Austria/1359417/2021, revealed only two 398

amino acid substitutions (D197E, and Q200P). In contrast, only one (D197E) amino 399

acid substitution was observed when comparing viruses collected in Brazil in 2023 (S5 400

Table). 401

Epidemiological profile of Influenza A viruses in macroregions of 402

Brazil 403

Our phylogenetic analysis suggested that there are variations in Influenza lineage 404

distribution across the Brazilian territory. Since Brazil contains a diversity of climate 405

and demographic characteristics across the five macroregions, we decided to check if 406

there are different circulation patterns across different regions. Therefore, we first 407

checked if we had enough data to perform this comparison. Indeed, the number of 408

sequences analyzed of A/H3N2 virus predominated between November 2021 and 409

November 2022 provided a sample power of 98% (CI 97%), whereas the A/H1N1pdm09 410

sequences predominated between November 2022 and May 2023 provided a sample 411

power of 87% (CI 90%). Following this, we conducted a subsampling of the final 412

dataset, specifically targeting peak periods of predominance for the A/H1N1pdm09 and 413

A/H3N2 subtypes, aiming to elucidate the nationwide epidemiological profile of 414

Influenza A. Concerning A/H3N2 lineages (Fig 7), we observed a significantly higher 415

frequency of 2a.3 in the Midwest region compared to other regions (chi-square, p<0.05), 416

while subclade 2b exhibited higher circulation (chi-square, p<0.05), particularly in the 417

Southeast. Additionally, the 2a subclade was only detected in three regions, with the 418

North region registering significantly higher circulation than expected (chi-square, 419

p<0.05). 420

Fig 7. Frequency of A/H3N2 subclades 3C.2a1b.2a.2a.1 (2a.1), 421

3C.2a1b.2a.2a.3 (2a.3), 3C.2a1b.2a.2a.2b (2b), 3C.2a1b.2a.2 (2), 422

3C.2a1b.2a.2a (2a), and 3C.2a1b.2a.2c (2c) circulating from November 2021 423

to November 2022 in Brazil. (A) Frequency of A/H3N2 subclades in Brazil. (B) 424

Frequency of A/H3N2 subclades in Midwest. (C) Frequency of A/H3N2 subclades in 425

North. (D) Frequency of A/H3N2 subclades in Northeast. (E) Frequency of A/H3N2 426

subclades in South. (F) Frequency of A/H3N2 subclades in Southeast. (*) period of 427

absence from genomic monitoring. 428

429

Meanwhile, viruses from the 2c subclade were exclusively recorded within the 430

Northeast region. For detailed statistical information, see S6 Table. In respect of 431
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A/H1N1pdm09 viruses (Fig 8), the prevalence of 5a.2a.1 was notable across all 432

macroregions of the country, except in the North and South regions, where this strain 433

circulated at lower levels (chi-square, p<0.05), while, in the northern region, a higher 434

circulation of 5a.2a strain was detected. Despite the low frequency of the 5a.1 strain at 435

the national level, a higher circulation was observed in the Northeast and southern 436

regions. For detailed statistical information, see S7 Table. 437

Fig 8. Fig 8. Frequency of A/H1N1pdm09 subclades 6B.1A.5a.1 (5a.1), 438

6B.1A.5a.2a (5a.2a) and 6B.1A.5a.2a.1 (5a.2a.1) from November 2022 to 439

May 2023 in Brazil.(A) Circulation in Brazil; (B) Frequency of A/H1N1pdm09 440

subclades in Midwest. (C) Frequency of A/H1N1pdm09 subclades in North. (D) 441

Frequency of A/H1N1pdm09 subclades in Northeast. (E) Frequency of A/H1N1pdm09 442

subclades in South. (F) Frequency of A/H1N1pdm09 subclades in Southeast. (*) period 443

of genomic monitoring absence. 444

445

Discussion 446

The number of positive Influenza cases in Brazil increased from 5,252 in 2021 to 18,736 447

in 2023, indicating a resurgence in viral activity compared to the pre-pandemic scenario 448

(BRASIL, 2023a, 2023b, 2022). Notably, between September 2021 and January 2022, 449

Influenza viruses circulated at significantly reduced rates, comprising less than 3% of 450

cases, compared to the pre-pandemic rate of 17% [50]. The decrease in Influenza 451

circulation has been linked to the widespread disruption caused by the COVID-19 452

pandemic [51]. This global health crisis prompted a concerted effort to enhance 453

molecular surveillance of pathogen genomes, emerging as a critical measure for 454

preparedness against future epidemics [52,53]. The progressive sequencing efforts 455

spanning from 2021 to 2023 in Brazil reflect this effort and have unveiled the 456

identification of three Influenza viruses circulating in Brazilian territory: 457

A/H1N1pdm09, A/H3N2, and B/Victoria lineage. This finding is consistent with data 458

from the Brazilian Epidemiological Surveillance [22,49,54] and further supports the 459

global co-circulation of Influenza A and B viruses. 460

Our phylogenetic analysis of A/H1N1pdm09 revealed a co-circulation of the 5a.2a.1, 461

5a.2a, and 5a.1 subclades. The predominance of 5a.2a.1 viruses in the country was 462

consistent with observations made in other regions, such as North America and 463

Europe [55]. The HA1 T216A amino acid substitution was observed in some sequences 464

from the Southeast and was previously identified in many 5a.2a.1 viruses [37]. The 465

T270A amino acid substitution observed in sequences from the North and Northeast 466

regions was also observed as recurrent substitutions within the subclade. The functional 467

significance of its substitution remains unknown [56,57]. Among the five clusters 468

recovered within 5a.2a, three of them were associated with the macroregions suggesting 469

multiple localized introduction events. The cluster formed by sequences from the 470

northern region which were characterized by the presence of the S83P substitution has 471

also been identified in sequences from Thailand [58], the Middle East, Asia, and 472

Oceania (as available at 473

https://nextstrain.org/flu/seasonal/h1n1pdm/ha/2y?branchLabel=aa). This 474

finding contrasts with previous studies that have suggested the Southeastern region of 475

Brazil as the primary epicenter of H1N1pdm09 transmission, leading to widespread 476

epidemics [59,60] highlighting that other Brazilian regions may also act as a route for 477

Influenza strains introduction. 478

The phylogenetic relationship recovered a closer relationship between the 479

A/H1N1pdm09 Brazilian viruses and the vaccine strains. Additionally, the reduction in 480

July 3, 2024 12/22

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted July 6, 2024. ; https://doi.org/10.1101/2024.07.04.602044doi: bioRxiv preprint 

https://nextstrain.org/flu/seasonal/h1n1pdm/ha/2y?branchLabel=aa
https://doi.org/10.1101/2024.07.04.602044
http://creativecommons.org/licenses/by/4.0/


amino acid substitutions from 14 to 10 among the circulating viruses in 2023 compared 481

to the vaccine strain A/Sydney/5/2021 suggests a low antigenic drift. Among the amino 482

acid substitutions at antigenic sites, P137S, K142R, D260E, and T277A substitutions 483

are characteristics of viruses belonging to the 5a.2a.1 subclade [39]. These substitutions 484

were related to reduced geometric mean titers (GMTs) post-vaccination, especially to 485

the egg-propagated vaccine strain A/Sydney/5/2021 [37]. The current Southern 486

Hemisphere vaccine A/Victoria/4897/2022 covers the circulating clades [37]. 487

A previous study highlights the complex evolution of A/H3N2, characterized by 488

multiple clades globally distributed, posing challenges for vaccine composition [61]. Our 489

analysis identified seven clades/subclades circulating in Brazil, with 2a.3 and 2b 490

subclades being more prevalent. Within the 2a.3 subclade, Brazilian sequences grouped 491

into two clusters, while the 2b subclade exhibited three clusters, one of which comprised 492

99% of sequences from all regions of Brazil. Despite the low circulation of viruses from 493

the remaining subclades 2a.2a, 2c, and 2a.1b, they were restricted to the North and 494

Northeast regions. The diversity of A/H3N2 viruses elucidated through our analysis 495

corroborates the findings outlined in the World Health Organization (WHO) reports 496

spanning the years 2021 to 2022 [38,39, 50,62]. These findings align with WHO reports 497

and underscore H3’s rapid evolutionary rate [63,64]. 498

A comparison between the vaccine strain A/Hong Kong/2671/2019 (season 2021) 499

and prevalent 2021 viruses from the 2a.3 subclade revealed 21 amino acid substitutions. 500

Seventeen of these mutations are located within major antigenic sites, including E53N, 501

K135T, and H156S. Notably, some of these substitutions (H156S, D53N) are 502

characteristic of the 2a.3 subclade (WHO, 2023b). The discrepancy between circulating 503

viruses and the 2021 vaccine strain prompted the update of the H3N2 component for 504

the following season [38], resulting in fewer amino acid substitutions (5-7) in the 505

predominant subclades in 2022. One (G225D) of the mutations is shared among the 506

dominant subclades, and four others (E50K, F79V, I140K, and G186D) are typically 507

encoded by viruses from the 2b subclade [55]. Notably, the G225D, I140K, and N186D 508

are in the sialic acid binding site, and the E50K and F79V substitutions are situated in 509

the F’ and VE domains [20, 65–67]. Mutations within the receptor-binding domain can 510

alter the interaction between the HA protein and alpha-2,3 or alpha-2,6 sialic acids 511

across diverse host species [68]. Despite its general conservation, the receptor-binding 512

site is prone to selective pressures, novel mutations, and antibody evasion [69]. The 513

G225D substitution resulted in a charge change from an uncharged polar residue, 514

potentially allowing circulating strains to evade recognition by vaccine-induced 515

antibodies. The F’ domain, located within the stem domain and implicated as a site of 516

antibody binding, facilitates low pH-triggered membrane fusion activity of HA within 517

endosomal compartments [20, 65, 70, 71]. The amino acid substitutions in the F’ domain, 518

particularly those altering its electrostatic profile at lower pH levels, play a pivotal role 519

in modifying viral infection dynamics [65]. Regarding VE domain mutations, while its 520

function remains unclear for Influenza A and B viruses, it is known to be crucial for 521

interaction with monoclonal antibodies, and alterations in this region could impact viral 522

antigenicity [72]. Indeed, the post-infection ferret antisera raised against the 523

egg-propagated A/Darwin/9/2021-like viruses exhibited a less favorable reaction, 524

especially towards viruses expressing 2a.3a.1 or 2b HA genes [37]. Conversely, ferret 525

antisera raised against 2a.3a.1-like viruses (e.g. egg-propagated A/Thailand/8/2022, 526

season SH 2024) demonstrated robust recognition of most circulating viruses [37], and 527

suggests a closer similarity between the circulating strains and the vaccine strain. 528

Considering the panorama of the Influenza B virus in Brazil, literature on the subject 529

is limited. Therefore, our investigation represents an essential study in advancing our 530

understanding of this virus in the country. Our analysis revealed a single main clade of 531

Influenza B, identified as V1A.3a.2, has circulated in Brazil. This clade has been 532
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exclusively circulating not only in Brazil but also in other regions across the globe since 533

February 2023, with a noteworthy substitution of the Yamagata lineage [73–76]. Our 534

findings are consistent with previous studies conducted in the North and Northeast 535

regions of Brazil, highlighting the unique dominance of the V1A.3a.2 clade in these 536

areas [77]. The ongoing diversification of the clade has resulted in the emergence and 537

near fixation of distinct subclades, some of which exhibit recurrent HA1:197E and 538

HA1:183K substitutions [78,79]. Recent viruses carrying the D197E mutation have been 539

preliminarily classified as the C.5 clade, with seven descending major subclades (C.5.1 - 540

C.5.7) identified globally [78]. In this study, four subclades (C.5.1, C.5.2, C.5.3, C.5.4) 541

were identified as circulating in Brazil. Most sequences were recovered in C.5, followed 542

by subclades C.5.3, and C.5.2. According to our phylogenetic analysis, clusters VII and 543

IX are likely to be assigned to clade C.5, while clusters V and VI may be designated as 544

C.5.3 and C.5.2, respectively. Both haplotypes C.5.2 and C.5.3 have been predominantly 545

recorded in South America, suggesting their probable origin in this region (available at: 546

https://nextstrain.org/flu/seasonal/vic/ha/2y, accessed on 5 April 2024). 547

The amino acid substitutions D197E and Q200P were identified in the consensus 548

sequences of circulating Brazilian viruses in 2022. However, only the D197E substitution 549

was observed in 2023. The WHO has previously documented the D197E mutation, and 550

its presence did not suggest a decrease in vaccine efficacy [37]. This finding aligns with 551

integrated hemagglutination inhibition (HI) data and molecular evolution analysis of 552

the HA segment, indicating effective coverage against recent 3a.2 strains by the current 553

vaccine strain B/Austria/1359417/2021 [79]. 554

The analysis of viral alternation patterns revealed in this study provides a detailed 555

insight into the circulation of Influenza viruses in Brazil. This dynamic closely aligns 556

with the epidemiological data provided by the Brazilian Ministry of Health for the 557

specified period [9, 49]). A similar trend of low A/H3N2 HA sequence counts, and an 558

increase of both A/H1N1pdm09 and B/Victoria circulation was observed across 559

different global regions throughout 2022, including Europe, North America, and 560

Oceania [62,80,81]. Furthermore, between February and September 2023, a notable 561

increase in the detection of the B/Victoria virus, from 5.8% to approximately one-third 562

of globally detected viruses, was observed [37,55]. 563

In summary, our investigation unveiled significant findings, including the detection of 564

clades exhibiting mutations suggestive of antigenic drift, heightened diversity within the 565

A/H3N2 subtype, and distinct distribution patterns across different regions of Brazil. 566

This research highlighted the critical importance of monitoring and understanding the 567

molecular epidemiology of Influenza viruses. Such insights are instrumental in guiding 568

public health agencies to implement effective measures for mitigating transmission risks 569

and controlling outbreaks. Furthermore, the knowledge gained from this study can 570

contribute to the development of vaccine strategies for a continental country. 571

Supporting information 572

S1 Fig. Positive cases of subtyped Influenza and available/deposited 573

Hemagglutinin (HA) gene sequences between 2021 and 2023. Column values 574

refer to the left y-axis. The black line refers to the values in the right y-axis, which 575

indicates the proportion of available/deposited HA gene sequences over the total 576

number of positive subtyped Influenza cases in Brazil. Data was obtained on 27 577

December 2023 at https://platform.epicov.org. (*) data collected until the 30th 578

epidemiological week. 579

580

S1 Table. Amino acid substitution in the Hemagglutinin (HA). Comparison 581
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between the consensus of the circulating A/H1N1pdm09 viruses from Brazil between 582

2021 and 2022 and Southern Hemisphere 2021-2022 vaccine strain egg-propagated 583

A/Victoria/2570/2019. 584

585

S2 Table Amino acid substitution in the Hemagglutinin (HA). Comparison 586

between the consensus of the circulating A/H1N1pdm09 viruses from Brazil 2023 and 587

Southern Hemisphere 2023 vaccine strain egg-propagated A/Sydney/5/2021. 588

589

S2 Fig. H1N1 docking analysis results. In (A) and (B) are represented H1N1 590

interactions with alpha-2,3 sialic acid for A/Victoria/2570/2019 and 5a.2a.1 Brazilian 591

consensus, respectively. The RDB domain is represented as cartoon (green), the main 592

residues to interaction are represented as licorice, and alpha-2,3 sialic acid is represented 593

as stick (gray). All interactions are represented in yellow dashes. In (C) and (D) are 594

represented H1N1 interactions with alpha-2,6 sialic acid for A/Victoria/2570/2019 and 595

5a.2a.1 Brazilian consensus, respectively. The RDB domain is represented as cartoon 596

(green), the main residues to interaction are represented as licorice, and alpha-2,3 sialic 597

acid is represented as stick (gray). All interactions are represented in yellow dashes. 598

The results show that 5a.2a.1 Brazilian consensus has more affinity to alpha-2,6 sialic 599

acid than alpha-2,3 sialic acid while A/Victoria/2570/2019 has a similar affinity to both 600

sialic acids. 601

602

S3 Table. Amino acid substitution in the Hemagglutinin (HA). Comparison 603

between the consensus of the circulating A/H3N2 viruses collected in Brazil in 2021 and 604

Southern Hemisphere 2021 vaccine strain egg-propagated A/Hong Kong/2671/2019. 605

606

S4 Table. Amino acid substitution in the Hemagglutinin (HA). Comparison 607

between the consensus of the circulating A/H3N2 viruses collected in Brazil between 608

2022 and 2023 compared with the Southern Hemisphere 2022-2023 vaccine strain 609

egg-propagated A/Darwin/9/2021. 610

611

S3 Fig. Electrostatic analysis of amino acid changes on the VE domain 612

from A/H3N2. In (A) and (B) We observed the protein electrostatic profile for 613

egg-propagated vaccine strain A/Darwin/9/2021 and 3C.2a1b.2a.2b (2b) subclade, 614

respectively. In (C) and (D) are indicated a zoom in the VE domain from 615

egg-propagated vaccine strain A/Darwin/9/2021 and 3C.2a1b.2a.2b (2b) subclade, 616

respectively. The main electrostatic changes caused by E50K and F79V can be observed 617

in (C) and (D) figures. 618

619

S4 Fig. Electrostatic analysis of amino acid changes on the RBD domain 620

from A/H3N2. In A) and B) We observed the protein electrostatic profile for 621

egg-propagated vaccine strain A/Darwin/9/2021 and 3C.2a1b.2a.2b (2b) subclade, 622

respectively. In (C) and (D) are indicated a zoom in the VE domain from 623

egg-propagated vaccine strain A/Darwin/9/2021 and 3C.2a1b.2a.2b (2b) subclade, 624

respectively. The main electrostatic changes caused by I140K, N186D, and G225D 625

mutations on the RBD domain can be observed in (C) and (D) figures. 626

627
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S5 Table. Table. Amino acid substitution in the Hemagglutinin 628

(HA).Comparison between the consensus of the circulating B/Victoria-lineage viruses 629

collected in Brazil between 2022 and 2023 and Southern Hemisphere 2022-2023 vaccine 630

strain egg-propagated B/Austria/1359417/2021. 631

632

S6 Table. Adjusted deviation from expectation and sample size. Values of 633

A/H3N2 lineages circulating in Brazilian macroregions from November 2021 to 634

December 2022. 635

636

S7 Table. Adjusted deviation from expectation and sample size. Values of 637

A/H1N1pdm09 lineages circulating in Brazilian macroregions from November 2022 to 638

May 2023. 639

640

S1 File. Supporting Information for Material and Methods. This document 641

supports Clinical Sample collection, Ethics approval and consent to participate, 642

Genomic library preparation and Influenza next-generation sequencing, and Genome 643

Assembly Pipeline. 644

645

S8 Table. Final dataset used in this study. This file includes 3,966, 8,609, and 646

3,996 sequences from A/H1N1pdm09, H3N2, and B/Victoria-lineage, respectively. All 647

sequences generated in this study were deposited in the GISAID database. 648
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Saúde Pública. 2012;28:1325–1336. doi:10.1590/S0102-311X2012000700011.

61. Pillai TK, Johnson KE, Song T, Gregianini TS, Tatiana B, Wang G, et al.
Tracking the emergence of antigenic variants in influenza A virus epidemics in
Brazil. Virus Evolution. 2023;9:1–7.

62. WHO. Recommended composition of influenza virus vaccines for use in the
2022-2023 Northern hemisphere influenza season; 2022. Available from:
https://www.who.int/teams/global-influenza-programme/vaccines/

who-recommendations.

63. Fitch WM, Bush RM, Bender CA, Cox NJ. Long term trends in the evolution of
H(3) HA1 human influenza type A. Proceedings of the National Academy of
Sciences. 1997;94:7712–7718. doi:10.1073/pnas.94.15.7712.

64. Ferguson NM, Galvani AP, Bush RM. Ecological and immunological determinants
of influenza evolution. Nature. 2003;422:428–433. doi:10.1038/nature01509.

65. Bangaru S, Zhang H, Gilchuk IM, Voss TG, Irving RP, Gilchuk P, et al. A
multifunctional human monoclonal neutralizing antibody that targets a unique
conserved epitope on influenza HA. Nature Communications. 2018;9.
doi:10.1038/s41467-018-04704-9.

66. Zheng Z, Paul S, Mo X, Yuan YR, Tan YJ. The Vestigial Esterase Domain of
Haemagglutinin of H5N1 Avian Influenza A Virus: Antigenicity and Contribution
to Viral Pathogenesis. Vaccines. 2018;6:53. doi:10.3390/vaccines6030053.

67. Zheng Z, Teo SHC, Arularasu SC, Liu Z, Mohd-Ismail NK, Mok CK, et al.
Contribution of Fc-dependent cell-mediated activity of a vestigial
esterase-targeting antibody against H5N6 virus infection. Emerging Microbes &
Infections. 2020;9(1):95–110. doi:10.1080/22221751.2019.1708215.

68. Zhao C, Pu J. Influence of Host Sialic Acid Receptors Structure on the Host
Specificity of Influenza Viruses. Viruses. 2022;14:2141. doi:10.3390/v14102141.

69. Allen JD, Ross TM. H3N2 influenza viruses in humans: Viral mechanisms,
evolution, and evaluation; 2018.

70. Sriwilaijaroen N, Suzuki Y. Molecular basis of the structure and function of H1
hemagglutinin of influenza virus. Proceedings of the Japan Academy, Series B.
2012;88:226–249. doi:10.2183/pjab.88.226.

71. Mair CM, Ludwig K, Herrmann A, Sieben C. Receptor binding and pH stability
— How influenza A virus hemagglutinin affects host-specific virus infection.
Biochimica et Biophysica Acta (BBA) - Biomembranes. 2014;1838:1153–1168.
doi:10.1016/j.bbamem.2013.10.004.

72. Crowe JE. Antibody Determinants of Influenza Immunity. The Journal of
Infectious Diseases. 2019;219:S21–S29. doi:10.1093/infdis/jiz010.

July 3, 2024 21/22

.CC-BY 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted July 6, 2024. ; https://doi.org/10.1101/2024.07.04.602044doi: bioRxiv preprint 

http://apps.who.int/bookorders.
https://www.who.int/teams/global-influenza-programme/vaccines/who-recommendations
https://www.who.int/teams/global-influenza-programme/vaccines/who-recommendations
https://doi.org/10.1101/2024.07.04.602044
http://creativecommons.org/licenses/by/4.0/


73. da Silva DBB, de Oliveira Santos KC, Benega MA, de Paiva TM. Differentiation
of influenza B lineages circulating in different regions of Brazil, 2014–2016, using
molecular assay. Vaccine: X. 2022;12. doi:10.1016/j.jvacx.2022.100220.

74. Kissling E, Pozo F, Mart́ınez-Baz I, Buda S, Vilcu A, Domegan L, et al.
Influenza vaccine effectiveness against influenza A subtypes in Europe: Results
from the 2021–2022 I-MOVE primary care multicentre study. Influenza and
Other Respiratory Viruses. 2023;17. doi:10.1111/irv.13069.

75. Sominina A, Danilenko D, Komissarov AB, Pisareva M, Fadeev A, Konovalova N,
et al. Assessing the Intense Influenza A(H1N1)pdm09 Epidemic and Vaccine
Effectiveness in the Post-COVID Season in the Russian Federation. Viruses.
2023;15. doi:10.3390/v15081780.

76. Zhou X, Lin Z, Tu J, Zhu C, Li H. Persistent predominance of the Victoria
lineage of influenza B virus during COVID-19 epidemic in Nanchang, China.
Influenza and Other Respiratory Viruses. 2023;17. doi:10.1111/irv.13226.

77. das Chagas Junior WD, Ferreira JL, Machado RS, Lima AAP, de Souza EMA,
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