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Abstract
Influenza A/H1N1 is widely considered to be a very evolutionary virus causing major public health problems. Since the
pandemic of 2009, there has been a rapid rise in human Influenza virus characterization. However, little data is available
in Tunisia regarding its genetic evolution. In light of this fact, our paper aim is to genetically characterize the
Neuraminidase, known as the target of antiviral inhibitors, in Tunisian isolates circulating in Monastir region during
2017–2018. In total of 31 positive Influenza A/H1N1 detected by multiplex real-time PCR, RT-PCR of neuraminidase
was performed. Among the 31 positive samples, 7 samples representing fatal and most severe cases were conducted for
sequencing and genetic analysis. The results thus obtained showed genetic evolution of the A/H1N1 neuraminidase
between 2009 and 2010 and 2018–2019 outbreaks. All Tunisian isolates were genetically related to the recommended
vaccine strain with a specific evolution. Moreover, the phylogenetic analysis demonstrated that France and especially
Italian strains were the major related strains. Interestingly, our results revealed a specific cluster of Tunisian isolates
where two intragroup were evolved in correlation with the severity and the fatalities cases. From the outcome of our
investigation, this study confirms the genetic evolution of the Influenza A virus circulating in Tunisia and gives a
preliminary analysis for a better comprehension of new emerging Tunisian strain’s virulence and thus, a more appro-
priate monitoring of Influenza virus A/H1N1 during each round of outbreaks.
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Introduction

Seasonal Influenza vaccines are the key public health tool
against the Influenza virus. However, its efficacy remains
limited due to the antigen mismatch between vaccine
strains and circulating viruses. The immune status of the
host can lower the effectiveness which varies by age
group and by the vaccination status (Osterholm et al.
2012; Lewnard and Cobey 2018). Seasonal Influenza ep-
idemics cause up to 650,000 respiratory deaths and 3 to
5 million cases of severe illness per year worldwide and
present a real economical problem (Petrova and Russell
2018). Influenza viruses are segmented single-stranded,
negat ive-sense RNA viruses that belong to the
Orthomyxoviridae family. Based on their antigenic speci-
ficity of the nucleoprotein and matrix protein, Influenza
viruses are divided into Influenza A (IAV), Influenza B,
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and Influenza C (Bouvier and Palese 2008). Several pub-
lications have appeared in recent years documenting that
the IAV virus exhibits the most circulating type causing
disease in humans, and different animal and avian species
(Horimoto and Kawaoka 2005). The Influenza genome
contains 8 RNA segments (PB2, PB1, PA, HA, NP, NA,
M, and NS). The 6th segment encodes for the
Neuraminidase (NA), one of the major surface glycopro-
teins of the Influenza virus (Bouvier and Palese 2008).
There are 11 different neuraminidase subtypes found in
circulating IAV (N1 through N11, respectively). Only
N1 and N2 which are expressed in H1N1 and H3N2 sub-
types cause endemic in humans and give rise to seasonal
outbreaks (McAuley et al. 2019). In contrast to IAV
which is classified into subtypes, Influenza B is classified
into two lineages: B/Yamagata and B/Victoria (Hatta and
Kawaoka 2003). The IAV can be further classified into
specific clades and subclades. For example, IAV (H1N1)
belongs to the clade 6B1 and the subtype 6B1.A (CDC
2019). It has now been demonstrated that NA plays sev-
eral roles during the infection process. It acts in the early
stage of infection by enhancing virus entry contributing to
an efficient virus-cell association (Guo et al. 2018). In
addition, this glycoprotein acts in the final stage of infec-
tion by removing sialic acid from cellular glycoconjugates
in a specific site. Thus, newly synthesized virions are
released from the infected cell to spread the infection
(Palese et al. 1974). During the virus infection, and to
escape from the immune system, the natural selection fa-
vorite the continuous modifications of the antigenic struc-
ture of NA by generating mutations. Since NA is an im-
portant antiviral target, a single substitution on a specific
site can lead to a resistance capacity against NA inhibitors
such as zanamivir and oseltamivir (Hurt et al. 2012;
Pinilla et al. 2012; Krammer et al. 2018).

In the last few years, there has been a growing interest in
the genetic variability of Influenza NA to understand the
causes of the immune escape and its impact on the fitness.
However, in Tunisia, studies on genetic characterization of
Influenza NA are still lacking. In this paper, we focus on a
specific region in Tunisia, Monastir, localized in the coastal
region of Mediterranean Sea in North Africa and character-
ized by the presence of sebkha islands, one of the major site
for migratory birds with more than 72,368 birds per year
(Hamdi and Charfi 2011; Hamza et al. 2015). Based on this
case, we suppose that the Tunisian Influenza strains might
have a rapid evolution. In line with this, IAV(H1N1) out-
break during the 2017–2018 season was quite spectacular
causing severe acute respiratory infections (SARI) leading
even to death. The national observatory of new and emerg-
ing diseases has reported 48 death cases caused by
Influenza where A/H1N1 presents 80 %(ONMNE 2018).
In this context, the present work aims to study the virus

phylogeny and to explore the evolutionary processes of
NA that shape the genetic diversity of Tunisian IAV(H1N1)
strains.

Materials and methods

Ethics approval

Samples were collected after the receiving of written in-
formed consent from the subjects or their legal representa-
tives. The study protocol was approved by the research ethics
committee of the faculty of medicine, the university of
Monastir under the number [IORG0009738 N° 18/
OMB0990-0279].

Samples and clinic data collection

During the 2017–2018 Influenza outbreak, nasopharyngeal
swab samples were collected from patients suffering from
severe acute respiratory illness in the Sahel region of Tunisia
(Monastir) in collaboration with the laboratory of medical
microbiology of Fatouma Bourguiba university hospital
Monastir, Tunisia. In this work, we focus on 31 samples that
were detected positive for A/H1N1 by multiplex real-time
PCR (RespiFinder® 2Smart PathoFinder) as per the manufac-
turer’s instructions, during respiratory virus routine detection.
Each sample was received with its clinic information then
stored directly at -80°C for RT-PCR based detection of NA
and genetic analysis. All infected patients were not vaccinated
against the Influenza virus.

Viral RNA extraction and RT-PCR of NA gene

RNA extraction from clinical samples was performed using
TRIzol™ Reagent (Invitrogen™) according to the manufac-
turer’s instructions.

The cDNA synthesis of the whole Influenza genome was
pe r fo rmed us ing the un ive r sa l p r imer UNIT12
(AGCRAAAGCAGG) (Hoffmann et al. 2001), the viral
RNA was mixed with 20 pMol of Unit 12 primer and 12,5
pM of dNTP for a pre-heating step at 65°C during 5 min. The
mixture was incubated immediately on ice. 10 U/ µl of Mmlv
enzyme (Biogene) and 10 µM of DTT (dithiothreitol) was
added to the previous mixture and the total volume was incu-
bated for 60 min at 42°C for the retro-transcription.

PCR reaction for the neuraminidase gene amplification was
performed by TaKaRa LATaq®DNA-Polymerase using spe-
cific primers (NA F:5’AGCAGGAGATTAAAATGAAT
CCAA3’) and (NA-R:5’CCTTCCTATCCAAACACCAT
T3’) for NA of seasonal IAV (H1N1) amplification
(1097pb) (WHO 2017a).
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The thermal cycle was programmed for amplification as
follows: Incubation at 95°C for 1 min, and then 30 cycles of
denaturation at 94°C for 30’, 58°C for 30’ for hybridization,
72°C for 2 min followed by a final elongation step at 72°C for
5 min using a thermocycler 2770 (Applied Biosystems).

An agarose gel (1 %) in 1X Tris-borate-EDTA and
ethidium bromide (250 ng/µl) was prepared. Then, 5 µL of
NA PCR amplification products were added to 1 µL of 6X
loading and loaded. 3 µL of 1 kb DNA ladder (GeneON) were
also loaded. Finally, the gel was run at 100 Volts for 30 then
NA bands were visualized and photographed under UV light
using « Quantity One » software of Gel Doc 2000 (Bio-Rad).

PCR products purification and sequencing

Since we aim to sequence the NA segment and analyze it
genetically, the key step is to have a good quality of DNA
from the RT-PCR for the NA. Thus, we kept only samples
where nasopharyngeal swabs were collected during the first 5
days as the recommendation of the centers for disease control
and prevention (CDC 2020). Also, samples from fatal cases
were conducted for sequencing to study the virulence of their
strains (Methodology is shown in Fig. 1).

The 7 selected PCR amplification products were purified
from PCR reagents following the clean-up protocol steps from
FavorPrep GEL/ PCR purification Kit as per the manufac-
turer’s instructions. These 7 samples were subjected for se-
quencing (commercially) using the big dye terminator method
in 3500 ABI Prism Genetic Analyzer (Applied Biosystems)

with the same NA primers recommended by theWHO for NA
detection and sequencing studies.

Nucleotide sequence submission

The nucleotide sequences data obtained from this study have
been submitted to NCBI GenBank. The accession number of
the sequences for the NA gene obtained are MT239356 to
MT239362.

Phylogenic analysis

Tunisian sequences were aligned using Cluster X software
(Larkin et al. 2007) with other European, and Mediterranean
strains sequences obtained randomly from online Influenza
database from the 2009–2010 season until the 2018–2019
season available on [https://www.ncbi.nlm.nih.gov/genomes/
FLU/Database/nph-select.cgi?go=genomeset]. WHO
recommended vaccine strain A/Michigan/45/2015 (A/H1N1)
pdm09-like for the 2017–2018 season was also included in the
alignment. The phylogenetic tree was generated in MEGA
version 7.0 (Kumar et al. 2016) using themaximum likelihood
method with the general time-reversible (GTR) +
Gevolutionary model. 1000 bootstrap replicates were used to
construct the phylogenetic tree and high bootstrap values
above 70% were visualized. The final tree was visualized
and annotated with FigTree v.1.4.2 (http://tree.bio.ed.ac.uk/
software/figtree).

Fig. 1 Overview of the methodology used to characterize Neuraminidase gene of Influenza A (H1N1) in Monastir region (Tunisia)
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Results

Clinical characteristics

Demographic data

The study included data generated from 31 samples in the
region of Monastir, Tunisia. The population was composed
of 31,3 % males and 38,7 % females. The patient’s ages
ranged from 3 months to 80 years with a mean age of 38,16
± 31,46. The age group with the highest number of SARI was
the 0–2 years with (36,5 %), followed by the ⩾65 years with
29%, lastly the 36–64 years and 20–35 with a rate of 19,4%,
12,9% respectively. Among the 31 positive cases, 19 patients
were hospitalized in ICU (61,3%) and 12 patients (38%). 3 of
the 31 patients are passed away (9,68%) which the ages are
ranged from 3 months to 2 years (Table 1). Taking into con-
sideration the fatality cases, the most severe cases, and the
period between the first sign of infection (days ≤ 5 days), only
7 positive samples were sequenced which represents
(19,35%).

Clinical outcomes in the totality of infected patients

The clinical outcomes of IAV (H1N1) are shown in Table 2.
The majority of patients suffered from fever (96,77%) and
cough (24%). In total, 22,58% of patients developed respira-
tory distress and dyspnea 32,25%. In total 10/31 (32,25%) of
patients received antiviral treatment and 9,67 % of patients
received mechanical ventilation. In addition to the respiratory
outcomes, the infection was associated with comorbidity
(22,58 %) like diabetes, hypertension, cardiovascular dis-
eases. From the 31 patients, 22,58% have immunodeficiency
and 6,45% had a pregnancy.’’.

Clinical data of the selected sequenced samples

The genetically analyzed infected cases were predominantly
males (6 male and 1 female) aged between 3 months to 70
years. All samples were taken from patients suffering from
SARI coming from the Monastir region. Sampling was per-
formed in the 2017/2018 season (One sample during the first
trimester and 6 during the second trimester). All the analyzed
7 patients presented Influenza A symptoms (caugh, fever, fa-
tigue), Besides, the 3 fatal cases (SB. G51; SB. G47; SB. G67)
were suffering from additional respiratory complications (dis-
tress). Real-time RT-PCR revealed IAV (H1N1) as a respon-
sible agent of these acute respiratory infections for all the
samples with one case of co-infections with adenovirus.
Only 2 patients SB. G70 and SB.G47 were treated with
oseltamivir. The overall clinical characteristics of the studied
samples are summarized in Table 3.

Table 1 Demographic data of the
positive Influenza A( H1N1)
samples

Region Monastir, Tunisia 31 (100%)

Gender Males 19 (61,3%)

Females 12(38,7%)

Age (years)* Mean 38,16±31,46

[0–2] 11(35,5%)

[20–35] 4(12,9%)

[36–64] 6(19,4%)

≥65 9(29%)

ICU admission Yes 19 (61,3%)

No 12(38%)

Post infection state Fatality 3 (9,68%)

Recovery 27 (90,32)

Days between first sign of infection and sampling ≤5 days 19,35%

>5days 80,65%

*No patient belong to the age group [3–19]

Table 2 Clinical
outcomes in infected
patients

Clinical outcoms Percentage

Fever 30 (96,77%)

Caugh 24(77,41%)

Dyspnea 10(32,25%)

Mechanical ventilation 3(9,67%)

Respiratory distress 7(22,58%)

Comorbidity 7(22,58%)

Hypertension 3(9,67%)

Diabetis 5(16,12%)

Cardiovascular diseases 3(9,67) %

Immunodeficiency 7(22,58%)

Pregnacy 2(6,45%)

Comorbidity 7(22,58%)
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Sequencing

Sequences obtained for all amplifications were verified,
aligned, and completed manually using reference sequences
from the GenBank. The accession numbers of the sequences
for the NA gene obtained were registered in the Genbank with
accession numbers from MT239356 to MT239362.

Phylogenetic analysis

As can be seen from Fig. 2, phylogenetic analysis for the NA
gene of IAV(H1N1) Tunisian isolates highlighted two major
clades: Clade A and Clade B. On one hand, the NA sequences
analysis revealed that all Tunisian strains of the 2017–2018
season had evolved away from IAV(H1N1) pandemic strains
circulating during the 2009–2010 and 2010–2011 outbreak
(clade A). In contrast, they belonged to clade B with the vac-
cine strain A/Michigan/45/2015 (A/H1N1) pdm09-like and
European IAV strains circulating during the 2017–2018 sea-
son in several Mediterranean countries: Spain, Italy, and
France. On the other hand, the phylogenetic tree showed clear-
ly that IAV(H1N1) Tunisian isolates were related to the vac-
cine strain A/Michigan/45/2015 (A/H1N1) pdm09-like virus
recommended by the WHO for the northern hemisphere dur-
ing 2017–2018. However, our isolates showed a genetic var-
iation when related to this vaccine strain.

Besides, it has been found that Tunisian isolates clustered
with IAV strains circulating during the 2018–2019 outbreak
such as the Italian strain IAV (A/Italy/7841/2019 H1N1,
A/France/180130-1/2018 H1N1, and A/France/180130-2/
2018 H1N1) forming together a distinct clade: clade B1 be-
longing to the clade B (Fig. 2) where they share the same
ancestor.

Focusing on Tunisian isolates strains themselves, our re-
sults revealed two different intragroup clades B.1.1 and clade
B.1.2 in the same population hospitalized in Fatouma
Bourguiba Monastir for SARI infections during Influenza
2017–2018 outbreak. Interestingly, the phylogenetic tree
demonstrated a proper cluster where mortality cases were as-
sembled, However, other severe cases were assembled in an-
other cluster. These results offer a powerful correlation be-
tween phenotypes and genotypes. As far as we know, this is
the first time that the NA of Tunisian IAV(H1N1) isolates
causing fatalities in the Sahel region were characterized.

Discussion

In this study, we focused on severe acute respiratory illness
caused by IAV(H1N1) to investigate the reason for fatal and
severe infections. Usually, IAV(H1N1) was described to be
associated with fever and coughs symptoms. When infectingTa
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IAV(H1N1) can cause inflammation of the upper and lower
respiratory tract (Taubenberger and Morens 2008; Jilani
et al. 2020). The infection period persists for three to seven
days for healthy persons. However, it can be longer (9 to 10
days) for patients with high risk such as children, pregnant
women, and aged subjects (Reed et al. 2014). Thus, the
inflammation will be associated with further complications
such as respiratory distress and dyspnea requiring in most
cases intensive care and antiviral treatments. The highest
infected age group in all patients was children ≤ 2 years with
3 fatal cases which explains the high risk of infection for this
age category. This description supports a previous Tunisian
study showing the severity of IAV(H1N1) infection out-
comes in hospitalized children with a median age of 12
months (Tinsa et al. 2018).The most likely explanation
about infection susceptibility of young children is their frag-
ile immune system which has never been exposed to IAV
previously (Pinilla et al. 2012). So, their organisms can de-
velop more severe symptoms and shed a larger number of
viruses for a longer time. Besides, the second-highest age
group developing SARI infection is the ≥ 65 years
confirming the great prevalence of this category of age to
be infected and hospitalized for IAV(H1N1) (Taubenberger
and Morens 2008).

In this paper, our attention was directed to only to 31
SARI caused by IAV(H1N1) in the Monastir region.
These patients were enrolled in the university hospital of
Fatouma Bourguiba in several departments (polyvalent
ICU, pediatrics department, emergency department, infec-
tion diseases department, and maternity ICU). However,
non-Influenza respiratory viruses can be also a serious
emerging threat of respiratory infection during the same
season. In Tunisia (Sousse Area), it has been demonstrated
that the rhinoviruses, respiratory syncytial virus A/B, ade-
novirus, human coronavirus (NL63, HKU1, OC43, and
229) are the most frequently detected viruses in children.
In addition, IAV (H3N2) and can circulate in the same pe-
riod and cause similar infections (Brini et al. 2017).

The time of sampling is critical for IAV diagnostics. After 5
days of symptoms appearing, the virus titer decreases in the
upper respiratory tract which makes the qualitative PCR de-
tection of NA from nasopharyngeal swabs complicated. Thus,
only a few samples representing (19,35%) from the totality
were sequenced and analyzed genetically (3 fatal cases, 4 most
severe cases).

From the studied samples, we reported fatal cases. We
suppose that, once the virus binds to columnar epithelial cells
in the respiratory tract, the virus had a high ability of replica-
tion leading to a high virus titer. Thus, the Influenza virus may
cause severe diseases including apoptosis of the host and ad-
jacent cells origin of respiratory complications described in
Table 3 (Otte et al. 2016). From the two treated subjects with
NA inhibitor (oseltamivir), one died (SB.47). For that reason,
we focused on NA amplification and sequencing for more
genetic exploration. Interestingly, the amplification of the
NA gene of seasonal IAV(H1N1) has been poorly realized
in Tunisia and most interest has been focused on the
Hemaglutunine gene for detection and characterization (El
Moussi et al. 2013; Ben M’hadheb et al. 2015; Soli et al.
2019).

Although all the patients included in this study were de-
tected positive for IAV (H1N1) by real-time PCR, the quali-
tative RT-PCR for the neuraminidase showed some weak
bands. This can be explained by the time from illness onset
to specimen collection, and the type of the sample. To maxi-
mize detection of Influenza viruses, respiratory specimens
should be collected as close to illness onset as possible (ide-
ally < 3–4 days). However, among the 31 samples only
(19,35%) were sampled ideally. Molecular assays may detect
Influenza viral RNA in respiratory tract specimens for longer
periods after illness but re-using the same sample for qualita-
tive RT-PCRmight impact the quality of bands, and therefore,
sequencing.

The phylogenetic study demonstrated a divergence be-
tween the pandemic IAV(H1N1) strains isolated in 2009 and
2010 and the Tunisian isolates during 2017–2018 forming a
defined clade. The main clades were organized regarding the
time which underlined a continuing evolution of the virus
since its appearance in 2009. Directly after the infection into
humans, the process of natural selection acts on the pandemic
strain by adaptation to the new host. Since then, IAV(H1N1)
pdm2009 was driven by immunological escape resulting in an
antigenic diversity within the virus population. During the
infection, and to escape from the immune system, amino acids
might be affected and assembled in the head of NA. Although
the precise reason for this accumulation remains unknown, it
participates in the migration of IAV(H1N1) 2009 viruses’
strain to a seasonal Influenza virus. It’s the antigenic drift
phenomenon (Su et al. 2015; Petrova and Russell 2018).

Again, our data shows clearly that all the Tunisian isolates
of IAV(H1N1) included in this study, share the same ancestor
with the vaccine strain. Every year, the WHO design an
Influenza vaccine for the Northern and Southern
Hemisphere. During the 2017–2018 season, the vaccine com-
position included A/Michigan/45/2015 (A/H1N1) pdm09-like
virus (WHO 2017). In the present study, we focus on the
IAV(H1N1) subtype because of its predominance and severity
during this season in North Africa and specifically in Tunisia

�Fig. 2 Phylogenetic tree constructed for the NA gene (1097 nucleotides)
of A/H1N1 influenza strains collected inMonastir region (Tunisia) during
2017 to 2018. The tree was constructed using the maximum likelihood
method with bootstrap analysis of 1000 replicates. The A/Michigan/45/
2015 (A/H1N1) pdm09-like strain was used as the root for the tree and
bootstrap values greater than 70% are shown. The vaccine strain is col-
ored in Blue and Tunisian isolates are colored in Red
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(WHO 2018a). As mentioned above, our results concur well
with the genetic characterization of 32 European IAV(H1N1)
strains during 2017–2018 which showed a grouping to the
sub-clade 6.B1 presented by the vaccine A/Michigan/45/
2015(WHO 2018b). Besides, it has been reported, globally,
that IAV(H1N1) viruses are in genetic flux, with substantial
heterogeneity declaring a fitness advantage (ECDC 2018). In
line with this, the genetic diversity in Europe did not seem to
affect the vaccine effectiveness against IAV(H1N1) pdm09 in
most studies (Rondy et al. 2018). Interestingly, the analysis for
the NA characterization of Tunisian IAV(H1N1) isolates has
revealed genetic variations compared to the vaccine strain
although they are genetically related. Thus, a probable NA
evolution has occurred.

Clade B1 has gathered, mostly, Mediterranean IAV(H1N1)
strains circulating in the same period 2017–2018. Tunisian
isolates were closely related especially to French and Italian
strains. This genetic relation seems to be explained by the
virus transmission between individuals in Europe and individ-
uals in Tunisia due to the geographic position. Since Tunisia is
located in a central position between North Africa and Europe,
frequent movement of individuals, especially between France
and Italy, might promote virus transmission. Tourism activity,
close economic relationships can argue this hypothesis(France
diplomacy 2017). During 2018 the national Tunisian office of
tourism reported that 30,8 % of tourists are coming from
Europe (ONTT 2018).

Our attention was focused not only on the comparison of
the Tunisian isolates with theMediterranian strains but also on
the phylogeny between the circulating viruses in the same
Tunisian population. Particular attention is paid to the shape
of the tree describing two internal clusters. The remarkable
result to emerge from this data is that internal clusters have
been distinguished regarding the severe infection effect: fatal
cases together, and other severe cases together. Thus,
IAV(H1N1) circulating in theMonastir region of Tunisia have
different virulence and severity between patients. Our study
provides additional support for a possible correlation between
the phenotype and genotype that has never been described in
this region. Several factors underlying age, patient’s immune
status, coinfection, and comorbidity may affect the severity of
IAV (H1N1) (Goka et al. 2014). However, it has been report-
ed that mutations in NA and Hemagglutinin (HA) proteins
contribute to the increase of pathogenicity, virulence, and im-
mune effectiveness (Pinilla et al. 2012; Russier et al. 2020).
The D222G, D293 H, G172R mutations in HA domains were
correlated with severe disease outcomes and fatality (Baldanti
et al. 2011; Elderfield et al. 2014; Otte et al. 2015; Russier
et al. 2020; Nandhini and Sistla 2020). Moreover, the emerg-
ing variants in the same population during the same season
might reinforce the theory of quasispecies (Domingo et al.
2012). During each replication cycle, the high genetic vari-
ability of IAV(H1N1) can enhance its virulence. This dynamic

of heterogeneity is not surprising for one of the major RNA
viruses characterized by a high rate of mutation and recombi-
nation events (Pompei et al. 2012).Despite our finding still a
preliminary investigation with a limited number of isolates, it
fits with the only previous Tunisian phylogenetic investiga-
tion about IAV(H1N1) circulating between 2009 and 2013
showing two major NA populations sharing the same ancestor
and potential recombination events of this virus (Su et al.
2015).

The main limitation of this study is the lack of NA se-
quences in the Influenza database in some Mediterranean re-
gions during 2014–2015 and 2015–2016. Also, a deeper in-
vestigation of possible mutations and aminoacid alterations
would be very interesting if the sequence covers fully the
neuraminidase segment. Moreover, the few numbers of
Influenza virus Tunisian isolates seem to present a further
limitation of this study.

This work is the first step of IAV(H1N1) genetic evolution
understanding in the region of Monastir, Tunisia. The NA
characterization will certainly help to solve virus resistance
phenomena during antiviral treatment, could potentially help
on the monitoring of Influenza virus circulation in Tunisia,
and might estimate vaccine efficiency against new emerging
strains.

Conclusions

From the research that has been carried out, it is possible to
conclude that Tunisian IAV(H1N1) isolated in the Monastir
region are genetically related to France strains and especially
to Italian strains. A possible genetic heterogeneity and recom-
bination events between the Tunisian circulating strains 2017–
2018 might be the origin of such virulent strains. Our results
are promising and should be continued with whole-genome
sequencing to study deeply the process of evolution in terms
of mutations on the genetic and proteomic levels.

Abbreviations IAV, Influenza A virus; NA, Neuraminidase; SARI,
Severe acute respiratory infections; NCBI, National Center for
Biotechnology Information; WHO, World Health Organization; PCR,
Polymerase chain reaction; HA, Hemagglutinin
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