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ABSTRACT 
Swine influenza, often known as swine flu, is a respiratory disease caused by type A influenza virus (IAV) called 
swine influenza virus (SIV). There are currently multiple subtypes of IAV in pigs, including H1N1, H1N2, and H3N2. 
While the other subtypes of IAV were only detected in pigs, the H1N1 strain was isolated from infected people. 
The process of SIV infection is similar to that of other respiratory viral infections: the virus enters the body through 
aerosol, and the infection spreads quickly to the nasal cavity and epithelium of major airways. Immune responses 
such as innate, mucosal, and systemic immunity (both humoral and cellular immunity) are triggered by IAV infection. 
SIVs, like the 2009 H1N1 pandemic strain, can be easily transmitted from pigs to humans, thereby causing significant 
public health concerns. People who contract new swine influenza infections have bexperienceiety of symptoms that 
resemble those of seasonal influenza. Pandemics like the 2009 H1N1 pandemic have substantial economic impacts 
due to the costs associated with prevention, treatment, and hospitalization. The 2009 H1N1 pandemic, a new strain 
of the H1N1 virus, spread rapidly to over 200 countries, causing an estimated 284,400 deaths worldwide, according 
to the World Health Organization. The primary symptoms are fever, chills, headache, runny nose, body aches, joint 
pain or myalgia, cough, sore throat, and exhaustion. The hemagglutinin sequence of SIVs is the primary basis for the 
development of polymerase chain reaction tests. In mammals, influenza viruses are spread by direct or indirect contact 
with nasal secretions, as well as by droplets and aerosols released during coughing and sneezing. Swine influenza most 
commonly attacks children aged 5 years and over and teenagers. This illness is treated with antibiotics, which help 
prevent bacterial pneumonia and other secondary illnesses in calves weakened by influenza. There is now an injectable 
vaccine for influenza A. Wholistic preventive approach and appropriate biosafety measures are important strategies for 
preventing the occurrence of viruses. 
Keywords: IAV, pig, public health, SIV, virus.

Introduction
Swine influenza, often known as swine flu, is a respiratory 
disease caused by type A influenza virus (IAV) called 
swine influenza virus (SIV) (Ohanu et al., 2019). This 
virus belongs to the Orthomyxoviridae family and infects 

the respiratory tract of pigs (Richard and Fouchier, 2016). 
Although swine influenza sickness has a low fatality 
rate and high morbidity rate, it can produce more severe 
outbreaks, often leading to reduced piglet growth rates 
and associated financial losses (Ma, 2020). 
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Occasionally, SIV infects humans and other species. 
The symptoms of swine influenza are similar to those 
of human influenza. Clinical instances in humans 
are often mild and mimic human influenza, although 
fatalities have been reported (Schnitzler and Schnitzler, 
2009). Since 2009, swine influenza has been a serious 
health concern after the World Health Organization 
(WHO) declared it a pandemic (Dandagi and Byahatti, 
2011).
Numerous SIV variants have surfaced over time, and 
there are currently multiple main IAV subtypes in 
pigs, including H1N1, H1N2, and H3N2 (Huang et al., 
2024). The other subtypes of IAV were detected only 
in pigs, and the H1N1 strain was isolated from infected 
people (Schnitzler and Schnitzler, 2009). The name of 
the enveloped RNA virus known as the SIV is derived 
from two surface antigens: N1 (neuramidase type 1) 
and H1 [hemagglutinin (HA) type 1] (Dou et al., 2018). 
It should be noted that although the 2009 pandemic 
H1N1 virus evolved in pigs, it was not derived from 
pigs. The virus is a quadruple-reassortant containing 
genes from human and avian influenza viruses, as well 
as genes from SIVs from North America, Europe, and 
Asia (Mena et al., 2016).
Since its initial isolation from pigs in the United States 
in the 1930s, the most vulnerable groups for SIV 
infections have been veterinarians and pork producers 
(Lorusso et al., 2013). Humans are susceptible to this 
pathogenic virus, which manifests directly as decreased 
appetite, nasal discharge, and barking cough (Bhatta 
et al., 2020). The swine influenza became a pandemic 
because of its rapid spread and unchecked illnesses. 
In small children and the elderly, severe instances of 
swine influenza can result in pneumonia and even 
death (Cunha, 2010). Although the virus can spread 
among pigs all year round, swine influenza outbreaks 
often occur in the fall and winter, just like in people 
(Schmidt, 2009).
In the past ten years, swine influenza has become one 
of the most deadly infectious diseases, spreading like a 
pandemic or epidemic all across the world. Today, this 
illness spreads all across the world as a human seasonal 
influenza virus (Ma, 2020). It has been passed from 
humans to pigs, where it has combined with other SIVs 
(Mo et al., 2022). Pig vaccination campaigns have 
become more challenging due to the increased virus 
diversity brought about by the occurrence of cross-
transmission from humans to pigs and vice versa, as 
well as other modifications in the circulation of SIVs 
(Richt et al., 2006). The aim of this review article 
is to provide a comprehensive literature on swine 
influenza. The management of this illness depends on 
a thorough comprehension of the processes governing 
pathogenicity and interspecies transmission, as well as 
the availability of efficient therapeutic and preventive 
treatments.

Etiology
Influenza viruses are negative-sense RNA viruses 
belonging to the three genera Influenza A, B, 
and C of the Alphainfluenzavirus genus and the 
Orthomyxoviridae family (Bouvier and Palese, 2008). 
Influenza viruses are classified into subtypes based on 
two surface proteins: (HA) and neuraminidase (NA). 
For instance, subtype H1N2 is produced by a virus that 
possesses both type 1 HA and type 2 NA (Kosik and 
Yewdell, 2019). There is typically little to no cross-
protection between different forms of HA or NA, and 
these two proteins are important targets of the immune 
response. Nine NAs (N1 to N9) and at least sixteen 
HA types (H1 to H16) are known to exist in birds. Two 
more HA and NA subtypes were found in bats, and 
a few avian subtypes were found in other mammals 
(Herfst et al., 2020). The influenza A virus species, 
which includes the SIV, is a type of virus that can infect 
humans, dogs, horses, and poultry (Short et al., 2015). 
The term “antigenic shift” refers to the slow alteration 
of the virus’s HA and NA genes caused by mutations. 
The current host immune response to the virus might 
no longer be effective if the HA and NA proteins are 
altered sufficiently (van de Sandt et al., 2012).
The three primary influenza A virus subtypes that are 
most prevalent globally in pigs are H1N1, H1N2, and 
H3N2 (Anderson et al., 2021). H3N2 developed from 
H2N2 by means of an antigenic shift (Allen and Ross, 
2018). The virus’s genes are constantly undergoing point 
mutations that result in antigenic changes, which assist 
the virus elude host defenses and lead to the emergence 
of new strains each year. The H1N1 strain of the SIVs, 
which is currently in circulation, has undergone three 
rounds of re-sequencing and incorporates genes from 
human, swine, and avian viruses (Hennig et al., 2022). 
Type B and C influenza viruses are not subtypes. There 
is evidence from serology and virology that pigs can 
occasionally contract human influenza B and C viruses 
(Brown et al., 1995).
The type of surface, the surrounding environment, 
and the presence of organic material (such as feces) 
can all affect how long influenza viruses can survive 
in the environment. Protection from sunlight and cold 
temperatures boosts the survival of viruses. In untreated 
pork slurry, the SIV is rendered inactive after 1–2.5 
hours at 50°C–55°C (122°F–131°F), 2 weeks at 20°C 
(68°F), and 9 weeks at 5°C (41°F) (Li and Robertson, 
2021). It probably persists in water or on fomites, 
similar to other influenza viruses that infect mammals. 
On most surfaces, human IAVs survive for less than 
24 to 48 hours, and in many settings, they frequently 
seem contagious for minutes to hours (Peteranderl 
et al., 2016). However, in rare circumstances, the virus 
may live longer. Avian influenza viruses and human 
IAVs can live for weeks or months in some types of 
water (such as distilled water), according to several 
laboratory tests (Poulson et al., 2016). However, they 
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may be inactivated more quickly in aquatic habitats 
with normal microbial flora.
History
Swine influenza is identical to human influenza and 
was first proposed as a disease during the 1918 Spanish 
influenza epidemic when people and pigs contracted 
the same illness (Nelson and Worobey, 2018). The 
H1H1N1as the main cause of the 1918 influenza 
pandemic (Anhlan et al., 2011). In 1930, SIVs were 
initially isolated from pigs in the United States. 
That year, the prototype classical SIH1N1 strain (A/
Swine/Iowa/30) was transferred to another pig for 
experimental examination and characterization, and 
swine influenza was first isolated in a pig (Brockwell-
Staats et al., 2009). IAV invaded other parts of the 
world in the 1950s to 1970s, including the Hong Kong 
flu in 1968 and the Asian flu in 1957 (Lycett et al., 
2019). Pigs were shown to be susceptible to avian and 
human influenza (H3N2) influenza in 1970, and Russia 
experienced a historic swine influenza outbreak in 
1977 (Horimoto and Kawaoka, 2001).
Three distinct subtypes and five distinct genotypes 
emerged as novel strains between 1997 and 2002, 
which were the primary causes of severe influenza 
in pigs in North America (Webster and Govorkova, 
2014). First identified in two Mexican youngsters in 
2009, H1N1 quickly spread around the globe (Hsieh 
et  al., 2011). Owing to several deaths globally that 
year, the WHO upgraded the pandemic alert to phase 6 
in relation to the novel H1N1 influenza virus (Dandagi 
and Byahatti, 2011). The 2009 pandemic infection was 
caused by the swine H1N1 virus, avian H1N1 virus, 
and human H3N2 virus. Three gene reassortments in 
the pig host, a combination of gene changes from three 
viruses with distinct genotypes, led to the formation of 
the novel H1N1 influenza virus (Mena et al., 2016). 
Epidemiology
The H1N1 and H3N2 IAV subtypes have been 
extensively documented in pigs and are frequently 
linked to clinical illness (Anderson et al., 2021). These 
viruses include human and avian H3N2 viruses, as well 
as traditional swine H1N1 and avian H1N1 viruses. 
These viruses are among the most prevalent respiratory 
illnesses in pigs and are still mostly endemic in pig 
populations around the world (Peiris et al., 2001). 
According to the UK’s sero-surveillance statistics, over 
half of the country’s adult pig population has contracted 
one or more IAV in their lifespan, with 14% of pigs 
having contracted influenza viruses of both human and 
swine origins (Mastin et al., 2011).
During the 1918 influenza pandemic, pigs contracted 
swine influenza concurrently with humans, leading to 
the first suggestion that the two diseases were connected 
(Nelson and Worobey, 2018). Reports of this illness 
have come from parts of Asia (Zeller et al., 2023), Africa 
(Anjorin et al., 2023), Europe (Henritzi et al., 2020), 
North America (Jhung et al., 2011), and South America 
(Cappuccio et al., 2011). SIV is considered enzootic in 

most locations with dense pig populations; however, the 
virus may go unnoticed in some areas because infected 
herds may be asymptomatic or have only moderate 
clinical indications (Ryt-Hansen et al., 2019).
For older than 70 years, the most common virus among 
North American pigs has been classic H1N1 SIV 
(Gray et al., 2007). During this period, several human-
acquired H3 viruses were detected in trace amounts, 
but they failed to form stable lineages in pigs. In the 
late 1990s, the triple-reassorted H3N2 virus initially 
appeared in North American swine, mostly in the 
Midwest of the United States, and then expanded to 
other areas (Webby et al., 2000). In North America, 
swine influenza is mostly caused by re-emerging H3N2 
viruses from humans, pigs, and birds. H1N1 and H3N2 
have resorted to one another, resulting in H1N2 (Bhatta 
et al., 2020).
After several cases of SIV spread throughout Europe, 
the H1N1 virus, which originated in birds, infiltrated 
the European pig population in the late 1970s (Ma, 
2020). In pigs, many human-origin H3N2 viruses were 
also found between the middle of the 1970s and the 
middle of the 1980s (Yu et al., 2008). A number of 
H1N2 viruses, both short-lived and long-lived, have 
also been discovered, although they are generally less 
prevalent than other subtypes (Cheung et al., 2023). 
One particularly unusual variation is the H1N7 virus, 
which appears to be a hybrid of horse and SIVs (Brown 
et al., 1994).
Currently, there are no viruses in Europe that carry 
the triple-reassortant internal gene (TRIG), and the 
diversity of these viruses is believed to be lower than 
that in North America (Lorusso et al., 2013). Only 3% 
of the viruses discovered from pigs during surveillance 
in a number of countries between 2006 and 2008 were 
novel viruses (Abe et al., 2015). Different SIV strains 
may be more prevalent in different places, and some 
viruses can only temporarily infect Asian pigs. A 
significant outbreak in Japan in 1989–1990 was caused 
by an H1N2 virus that originated in Asia, propagated 
among Japanese pigs, and has since spread to a number 
of other nations (Ouchi et al., 1996).
Information on SIV in Africa, Central and South 
America, and Mexico is currently lacking. Although 
H3N2 and H1N1 viruses are known to spread throughout 
Latin America, little is known about their genetic 
makeup (Komadina et al., 2014). Although the H3N2 
virus is highly contagious in pigs, one isolate from an 
Argentine respiratory disease outbreak was completely 
derived from a human influenza virus (Cappuccio 
et al., 2011). One report from Africa mentions H1 
viruses, and a recent study from Cameroon discovered 
the 2009 pandemic H1N1 virus in pigs grown in the 
wild (Njabo et al., 2012). This could potentially occur 
in other continents and regions.
In the United States, swine influenza is a prevalent 
concern, with studies indicating an individual pig 
prevalence of 4.6% and a herd prevalence of 90.6% 
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over a 12–24 month period. The primary circulating 
subtypes are H1N1, H1N2, and H3N2. Notably, in 
October 2024, the USDA National Veterinary Services 
Laboratories confirmed the first detection of H5N1 bird 
influenza in a pig on a backyard farm in Oregon. While 
the risk to the public was deemed low, this incident 
underscored the potential for interspecies transmission 
and the necessity for vigilant monitoring (Li and 
Robertson, 2021).​
European swine populations are primarily affected by 
H1N1, H1N2, and H3N2 subtypes. A comprehensive 
study across Belgium, France, Italy, and Spain reported 
a 90% farm-level prevalence, with individual pig 
seroprevalence at 62%. The epidemiology is complex 
and is influenced by factors such as the cocirculation 
of viruses, prior immunity, and husbandry practices. 
Surveillance programs have revealed significant 
genetic diversity among these viruses, contributing to 
evolving epidemiological patterns (Brown, 2013).
In China and Southeast Asia, swine influenza is 
enzootic, with multiple subtypes, including H1, H3, 
H4, H5, H7, and H9, circulating within pig populations 
(Li and Robertson, 2021). Data on swine influenza in 
Africa is limited. However, the continent has faced 
significant challenges from other swine diseases, 
notably African Swine Fever. 
Host range
Humans, pigs, horses, marine animals, and birds are 
among the many animal species that are infected by 
IAVs (Taubenberger and Kash, 2010). There is a 
significant chance that influenza viruses may spread 
from one species to another in nature due to global 
interactions among people, pigs, birds, and other 
mammalian species (Short et al., 2015). Although pigs 
are the primary hosts of SIV, some viruses can also 
infect turkeys, ferrets, and minks (Abdelwhab and 
Mettenleiter, 2023).
A duck in Hong Kong was found to have an H1N1 SIV, 
which is virulent to pigs and poultry and can infect 
ducks in an experiment (Suarez et al., 1998). Calves 
are also known to have this virus (Lopez and Woods, 
1987). Although the source of the virus could not be 
definitively identified, a subsequent investigation 
indicated that cattle’s antibodies to H3 viruses were 
probably brought on by exposure to SIV (Sreenivasan 
et al., 2019). Pigs are special hosts for both human and 
bird species; they are mixed hosts that produce strains 
adapted for humans (Brown, 2001).
Pathogenesis and pathology
The attachment and reproduction of SIVs are often 
limited to the pig respiratory system. The process of 
SIV infection is similar to that of respiratory viral 
infections: the virus enters the body via the aerosol, 
and the infection spreads quickly to the nasal cavity 
and epithelium of major airways (Zhang et al., 2013). 
In a few hours, the virus may spread to every airway. 
When the virus is inhaled, it sticks to the lower 
respiratory tract’s surface and causes exudation, focal 

atelectasis, focal necrosis of the bronchial epithelium, 
and severe lung hyperemia (Khatri et al., 2010). The 
lung regions afflicted by the pneumonic lesions were 
purple, rigid, and swollen with interlobular edema, 
according to the postmortem examination (Cunha, 
2010). There is swelling and edema of the lymph nodes 
(bronchial, cervical, mediastinal, and mesenteric) may 
occur, and the airways may be filled with blood-tinged 
fibrinous exudate (Weingartl et al., 2009). In severe 
cases, fibrinous pleurisy and interstitial pneumonia 
develop (Cunha, 2010). Microscopic lesions include 
isolated atelectasis and emphysema, thickened alveolar 
septa, exudative bronchitis, interstitial pneumonia, 
peribronchial and perivascular cellular infiltration, 
pulmonary parenchymal congestion, and degenerative 
and necrotic alterations in the bronchial epithelium 
(Sarli et al., 2021). In a recent investigation on 
pathogenicity in particular pathogen-free pigs, it was 
found that H1N1-infected pigs had higher lung lesion 
scores than H3N2-infected pigs (Sreta et al., 2009). 
However, both groups had lesions that included 
peribronchial and perivascular mononuclear cell 
infiltration, airway blockage, and epithelial cell injury.
Immune response
Immune responses such as innate, mucosal, and 
systemic immunity (both humoral and cellular 
immunity) are triggered by IAV infection. Early 
influenza virus infection containment depends on 
innate immunity, the host’s initial line of defense that 
nonspecifically prevents influenza virus infection 
(Chen et al., 2018). Numerous innate inhibitors soluble 
in respiratory secretions are part of the complex innate 
immune response, which plays a major role in directing 
and promoting adaptive and pathogen-specific immune 
responses (White et al., 2008). The influenza virus first 
adheres to the respiratory tract’s mucosal tissue to start 
an illness. The type I IFN system is triggered to create 
an antiviral state within the cell when Toll-like receptors 
or cytoplasmic sensors (such as retinoic acid-inducible 
gene I and melanoma differentiation-associated gene 5) 
recognize viral products such as viral RNA within the 
cell (Baum and García-Sastre, 2010).
In addition to innate immunity, the mucosal immune 
response offers a crucial line of defense against 
influenza infection in animals that have previously 
been exposed to or vaccinated against influenza viruses 
(Mettelman et al., 2022). The primary neutralizing 
antibodies that stop influenza virus entry and can stop 
intracellular influenza replication are specific IgA and 
IgM, which are locally released in the respiratory tract 
(van de Sandt et al., 2012). The HA and NA surface 
proteins of influenza viruses are the specific targets 
of neutralizing antibodies found in nasal secretions 
(Zhang et al., 2019). Mucosal antibodies specific to 
influenza play a major role in the removal of SIV from 
the respiratory system in a pig model (Richt et  al., 
2006). In the respiratory tract, mucosal immunity 
induced by natural influenza infection is more effective 
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and protective against subsequent heterovariant virus 
infection than systemic immunity induced by parenteral 
immunization with inactivated vaccines.
The humoral immune system generates antibodies 
against all of the main influenza virus proteins while 
an infection is present (Bahadoran et al., 2016). 
Antibodies against HA are crucial for neutralizing 
viruses and preventing illness (Ohshima et al., 2011). 
The discharge of mature viruses from infected cells 
is inhibited by antibodies against NA, but they are 
less successful in stopping infection (Pantaleo et al., 
2022). The M2 protein may play a part in antibody-
mediated protection, although antibodies against 
conserved internal proteins (M and NP) may not offer 
defense against infection (Staneková and Varečková, 
2010). Serum HA and NA antibody levels are believed 
to correlate with disease prevention and resistance 
because these antibodies are the most crucial for 
protection against influenza (Desheva et al., 2024). 
However, if the antigenic shift or the infecting virus 
changes, the humoral immune response may not be 
able to stop influenza infection.
The removal of influenza viruses from the respiratory 
system and subsequent recovery from the illness are 
significantly influenced by cell-mediated immunity 
(Denney and Ho, 2018). The blood and lower 
respiratory tract of infected hosts contain influenza-
specific cytotoxic T lymphocytes (CTLs), which 
can lyse cells infected with different IAV subtypes 
(Chen et al., 2018). Certain CTL responses in people 
and animals target internal influenza viral proteins, 
specifically NP, M1, NS1, and polymerase proteins 
(PB1, PB2, and PA) (Jameson et al., 1998). In mice 
and humans, IAV viral nucleoprotein (NP) is a crucial 
target antigen for CTLs that are cross-reactive and 
subtype-specific (Rak et al., 2023). Currently, little 
information is available on how pig cellular immune 
systems react to influenza infection. Prior research has 
demonstrated that CTL responses, when combined with 
neutralizing antibodies, are essential for lowering virus 
shedding and eliminating virus because they are cross-
reactive among IAV strains, providing heterovariant 
and heterosubtype immunity (Grebe et al., 2008). 
Consequently, a perfect vaccination can elicit a well-
rounded immune response that includes humoral, 
cellular, and mucosal immunity.
Clinical signs 
In pigs: Clinical signs appear rapidly. Infected pigs 
exhibit symptoms like coughing, sneezing, nasal 
discharge, tachypnea, dyspnea, fever, anorexia, and 
lethargy (Sreta et al., 2009). Some may also occasionally 
exhibit signs of deadly bronchopneumonia, and 
pregnant sows may abort (Galwankar and Clem, 2009). 
Clinical symptoms typically last for seven days, after 
which there is a quick and full recovery, unless there 
is a subsequent bacterial infection that exacerbates 
the symptoms. This disease causes high morbidity 
(up to 100%) but low mortality if secondary bacterial 

infections are avoided (Cunha, 2010). In herds in 
which infection is a persistent issue or all animals have 
received vaccination, there may be a chance of sporadic 
disease with few or no symptoms.
In humans: Typical signs appear after an incubation 
period of 1–7 days, most often affecting adolescents. 
People who contract new swine influenza infections 
have bexperienceiety of symptoms that resemble those 
of seasonal influenza (Peiris et al., 2007). The primary 
symptoms are fever, chills, headache, runny nose, body 
aches, joint pain or myalgia, cough, sore throat, and 
exhaustion (Hasan et al., 2018). Additionally, diarrhea, 
vomiting, and nausea can occur. Like seasonal flu, 
major flu-related complications can be noticed in the 
elderly, children, pregnant women, and persons with 
asthma, diabetes, heart disease, or immunosuppression 
(Lim and Mahmood, 2011). However, those aged 5–25 
years accounted for the majority of infections during 
the current swine influenza outbreak (Altayep et al., 
2017). The signs of flu in children, such as shortness 
of breath, bluish or gray skin, severe or prolonged 
vomiting, irritability, lack of interaction, and other 
general flu-like symptoms (Rewar et al., 2015). 
Important symptoms in adults include shortness of 
breath or difficulty breathing, chest or stomach pain, 
abrupt lightheadedness, and acute or ongoing vomiting 
(Al Hajjar and McIntosh, 2010).
Diagnosis
Reverse transcription polymerase chain reaction (RT-
PCR) detection technology can be used to quantify 
mRNA and determine an individual’s viral load (Ho-
Pun-Cheung et al., 2009). The HA sequence of SIVs 
is the primary basis for the development of PCR tests. 
This test can extract RNA from influenza viruses by 
amplifying and detecting nasopharyngeal samples 
(Schorr et al., 1994). Moreover, throat swabs and 
bronchial aspirates can be used as samples. To identify 
IAV infection, respiratory specimens from infected 
individuals must be obtained 4–5 days after the onset of 
symptoms (Eisfeld et al., 2014). Swine H1N1 viruses 
can be distinguished from other seasonal viral illnesses 
thanks to the test procedure’s high specificity (Ravina 
et al., 2020). Results from this test can be obtained 
within a few hours of the sample being collected.
The virus is produced on a culture medium in a virus 
culture technique, which allows for a 100% precise 
diagnosis of SIV (Detmer et al., 2013). The proposed 
method can obtain a negative predictive value of 
approximately 90% and high sensitivity. Within 2–3 
days of inoculation, the viral strain is cultured in chicken 
embryo and monkey kidney cell cultures (Zhang and 
Gauger, 2014). Rapid diagnostic techniques require 
respiratory secretions with high virus concentrations, 
yet they have a sensitivity of 60%–80% and can identify 
viral antigens by comparing them with regular RT-PCR 
data collected from 65 individuals (Vasoo et al., 2009). 
A clinical suspicion of the disease was used to interpret 
a negative report.
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The Antibody Titer Rise Test is mostly used to examine 
past cases; however, it is not used for diagnostic 
purposes (Detmer et al., 2013). This method also 
aids in diagnosis by comparing antibody titer levels 
obtained during the acute phase of the illness with 
those obtained 10–14 days later. Hematological and 
biological tests may reveal elevated levels of creatine 
kinase, leukopenia, and lactate dehydrogenase 
(Wang et al., 2014). In addition, uncommon signs of 
thrombocytopenia. Abnormalities on chest X-rays can 
be noticed, particularly in hospitalized and severely 
affected individuals (Agarwal et al., 2009).
Transmission
In mammals, influenza viruses are spread by direct or 
indirect contact with nasal secretions, as well as by 
droplets and aerosols released during coughing and 
sneezing (Richard and Fouchier, 2016). Direct contact 
between animals that are infected and those that are not 
is the primary method of transmission (van Diemen et 
al., 2023). Due to the close quarters in which pigs are 
housed, the virus can spread directly between pigs via 
contact between their noses or through dried mucus 
(Galwankar and Clem, 2009). Another significant 
form of infection is airborne transmission via aerosols 
released by pigs that cough or sneeze (Hu et al., 2023). 
Figure 1 depicts the transmission, including direct 
contact, aerosol spread, and via fomites.
Pigs are commonly implicated in the transmission of 
influenza viruses between species and are the main 

reservoirs of H1N1 and H3N2 influenza viruses (Brown, 
2001). The development of human influenza pandemic 
strains may be influenced by the presence of viruses in 
pigs and the regular introduction of novel viruses from 
other animals (Anderson et al., 2021). Laboratory staff 
were then exposed to the swine H1N1 virus isolated 
from Turkey (Hinshaw et al., 1983). According to these 
results, viruses from people, pigs, ducks, and turkeys 
can potentially spread to one another. Economic losses 
resulted from the spread of the avian H1N1 virus to 
pigs that were already on the market in Europe and then 
returned to Turkey from the pigs (Ludwig et al., 1994). 
Human-to-pig transmission occurs (Ma, 2020), 
regardless of where the virus originated; once a herd is 
infected, it continues to spread through the introduction 
of new herds and the birth of susceptible young pigs, 
frequently leading to endemically infected herds (Lagan 
et al., 2024). Pigs may potentially develop new virus 
lineages as a result of the transmission of viruses from 
other animals being transmitted to them (Everett et al., 
2020). Figure 1 also highlights zoonotic transmission 
pathways from pigs to humans and other animals, 
emphasizing the role of pigs in swine influenza.
Risk factors
Swine influenza most commonly attacks children 
aged 5 years and over and teenagers (O’Riordan et al., 
2010). This is a remarkable finding because older 
adults persons and the very young are more likely 
to experience problems from most influenza virus 

Fig. 1. The transmission pathways of swine influenza. Swine influenza spreads among pigs through direct contact, respiratory 
droplets, fomites, and vertical transmission. Zoonotic transmission involves close contact with aerosols, aerosols, and 
contaminated materials. Swine influenza is also transmitted to other mammals.
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infections. The risk factors of catching swine influenza 
are currently the same as those of other flus. Spending 
time in places where a large number of people have 
swine influenza puts them at the most risk (Mastin 
et al., 2011). Infection with swine influenza puts some 
persons at greater risk of developing a serious illness. 
These groups include pregnant women, children under 
5 years old, adolescents and children under 19 years 
old receiving long-term aspirin therapy, adults over 
65 years old, people with weakened immune systems 
(from conditions like AIDS), and people with chronic 
conditions like diabetes mellitus, asthma, heart disease, 
or neuromuscular disease (del Rio and Guarner, 2010). 
Public health importance
Both people and animals have experienced considerable 
illness and mortality as a result of emerging zoonotic 
diseases. Swine influenza is a worldwide viral zoonotic 
illness that spreads quickly (Vincent et al., 2008). 
There are reports of this illness from numerous nations 
worldwide. Infected pigs can spread infection to 
humans through close contact (Dandagi and Byahatti, 
2011). This illness is contracted by coughing, sneezing, 
contact, and occasionally contaminated things (Cunha, 
2010). Pigs can contract this disease from sick people. 
SIVs are common in pig populations worldwide (Mastin 
et al., 2011). Pig-to-human viral transmission is rare 
and frequently results in the generation of antibodies in 
the blood, rather than causing influenza in people (Mo 
et al., 2022). The infection is referred to as zoonotic 
swine influenza if it results in human influenza.
Infections with human SIV have been documented in 
Europe (Fraaij et al., 2016), Asia (Adisasmito et al., 
2019), Canada (Forgie et al., 2011), and the United 
States (Olsen et al., 2002). The human swine influenza 
and common influenza are not distinguished by any 
particular clinical characteristics. Healthy persons are 
also at a high risk of contracting swine influenza and 
dying from it, even if some case patients have immune-
compromising predisposing factors (Guillari et al., 
2021). Strong case ascertainment bias is probably the 
cause of the high percentage of deaths in this case 
series. In line with sero-epidemiological studies that 
have demonstrated elevated rates of SIV infection in 
individuals with occupational exposure to pigs, the 
majority of case patients reported contact with pigs 
(Rovida et al., 2016). Additionally, individuals who 
work with pigs may serve as a conduit for the virus’s 
spread throughout their communities.
The discovery of influenza subtypes around the middle 
of the 20th century made it feasible to accurately 
diagnose human transmission. There have only been 50 
verified cases of these diseases since then (Kilbourne, 
2006). Human-to-human transmission of the strain 
of swine influenza is uncommon. The symptoms of 
influenza and influenza-like illnesses in general are 
comparable to those of zoonotic swine influenza in 
humans (Hennig et al., 2022). Human infections with 
several SIVs H1N1, H3N2, and H1N2 have been 

documented occasionally (Robinson et al., 2007; 
Schnitzler and Schnitzler, 2009; Bravo-Vasquez et al., 
2017). Certain genotypes may have a higher propensity 
to infect people. There is evidence that certain SIVs can 
spread from person to person, including a significant 
outbreak at the Fort Dix military base in the 1970s 
(Lessler et al., 2007). It is the only virus from the 2009 
H1N1 pandemic to have adapted to humans.
Economic impact
The 2009 H1N1 outbreak, also known as the swine 
influenza, had a significant impact on the global economy. 
Pork markets both domestically and internationally 
declined as a result of the outbreak (McLean and 
Graham, 2022). As a result of consumers’ fear of eating 
pork, demand and prices have fallen precipitously. 
According to estimates, the 2009 H1N1 virus decreased 
the world’s gross domestic product by 0.5% to 1.5% 
(Smith et al., 2009). The epidemic has increased direct 
expenses for care, such as prescription drugs, hospital 
stays, and outpatient visits. For instance, hospitalization 
expenses for every patient with H1N1 in Canada were 
approximately $11,000 (Ng et al., 2018). The epidemic 
has resulted in significant economic hardship and 
social unrest. The economy may also be impacted by 
factors like sick workers who are less productive and 
preventative actions like preventing individuals from 
going to work to prevent infections that affect the labor 
supply (Borkenhagen et al., 2020).
Treatment
Pigs seldom die from swine influenza; therefore, 
supportive care and relaxation are the only treatments 
required (Ma, 2020). Rather, the goal of veterinary 
care is to stop the infection from spreading to adjacent 
farms or throughout the farm. Techniques for animal 
management and vaccination are essential to this 
endeavor (Salvesen and Whitelaw, 2021). This illness 
is treated with antibiotics, which help prevent bacterial 
pneumonia and other secondary illnesses in calves 
weakened by influenza, even if they have little impact 
on the influenza virus (Moghadami, 2017).
Similar to human influenza, SIV-induced illness is 
treated with supportive treatment (such as rest and fluids) 
in less complicated cases, antibiotics when necessary for 
subsequent bacterial pneumonia, and hospitalization if 
necessary for more severe cases (Rewar et al., 2015). 
Two classes of antiviral medications can block IAV: 
NA inhibitors (zanamivir, oseltamivir, peramivir, and 
laninamivir) and adamantane (amantadine, rimantadine) 
(Hussain et al., 2017). The use of these medications 
within the first 48 hours of the beginning of clinical 
symptoms maximizes their effectiveness. Although the 
effectiveness of amantadine against SIV is unknown, 
amantadine-resistant isolates are prevalent in virus 
lineages found in US pigs (Smyk et al., 2022).
Treatment of the disease includes bed rest, nutrition 
(enteral or parenteral as tolerated), broad-spectrum 
antibiotics to treat or prevent secondary bacterial 
pneumonia (mostly Gram-positive), electrolyte balance, 
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oral fluids (intravenous in severe cases), oxygen therapy 
or in severe persistent hypoxia the use of ventilator 
support or extracorporeal oxygenation in cases of severe 
refractory acute respiratory distress syndrome, and 
vasopressors for shock (Rewar et al., 2015). Aspirin and 
other salicylates are prohibited during influenza because 
they can cause Reye’s syndrome (Noor and Gradidge, 
2018). It has been demonstrated that using large dosages 
of corticosteroids is not beneficial and may even be 
harmful (low doses of 200 mg/day may be utilized in 
cases of refractory septic shock) (Zhang et al., 2015).
Oseltamivir has been shown in numerous studies to be 
effective against seasonal influenza in both pre- and post-
exposure prophylaxis, with 68%–89% efficacy when 
administered to household contacts (Dutkowski, 2010; 
Ison, 2013). Nonetheless, it demonstrated 74% efficacy 
in 6 weeks of pre-exposure prophylaxis. Consequently, 
all patients exposed to influenza should receive 
postexposure chemoprophylaxis. Additionally, because 
health care workers are likely to come into touch with 
swine influenza cases, they are strongly encouraged to 
obtain chemoprophylaxis (Galwankar and Clem, 2009).
Vaccination
The SIV vaccines now in use might not be able to fully 
eradicate the clinical symptoms of infection in pigs 
or produce robust immunity. The H1N1, H3N2, and 
H1N2 subtypes, which have antigenically distinct HAs, 
are already circulating in pigs worldwide, making a 
vaccination that can produce cross-protective immunity 
between various subtypes and strains imperative 
(Takemae et al., 2013). However, relying solely on 
vaccination methods to prevent swine influenza may 
not be the best option due to the growing number of 
novel subtypes and genetic variations. Although pig 
vaccination is not always successful, it can lower the 
rate at which infected animals shed the virus, thus 
lowering the risk of zoonotic infection and human 
exposure (Monath, 2013).
Pigs can be protected against either the recombinant 
equine herpesvirus (EHV-1) or other influenza viruses by 
expressing H1 from A(H1N1)pdm09 (Said et al., 2013). 
A vaccination against the current strain of the H1N1 
pandemic has recently been produced and approved for 
use in the UK by the Food and Drug Administration and 
the European Medicines Agency (Nuwarda et al., 2021). 
These include cell culture vaccines (Vero or MDCK), 
influenza viruses derived from influenza viruses, and 
SIV cultivated from chicken eggs, which are used 
as lethal vaccines or subunit vaccinations following 
digestion with detergent (Hegde, 2015). Human 
influenza vaccinations do not protect recipients from 
avian influenza, and they may cause adverse effects 
following classical influenza vaccinations. 
There are two kinds of influenza vaccines: the nasal 
spray-based Live Attenuated Influenza Vaccine (LAIV) 
and the injection-based Trivalent Inactivated Influenza 
Vaccine. People under the age of two and those over 
the age of 49 are not advised to use LAIV (Hoft 

et  al., 2011). There is currently a need for efficient 
vaccination to shield humans and birds from the novel 
H1N1 and H5N1 virus subtypes (Dey et al., 2023). 
The WHO advises that any medical personnel who 
have come into contact with suspected or confirmed 
swine flu infections should be vaccinated (doctors, 
nurses, paramedics, and ambulance staff) (Galwankar 
and Clem, 2009). There is now an injectable vaccine 
for influenza A. It takes around two to three weeks 
for the body’s immune response to develop following 
immunization; in the interim, preventive chemotherapy 
might be employed (Petro-Turnquist et al., 2024).
Control
Veterinarians should be aware of local reporting 
regulations even though SIVs are ubiquitous and 
widespread among pigs and typically do not necessitate 
reporting (Olsen et al., 2002). Consultation with 
state authorities is required. Total manufacturing is a 
management strategy that can help prevent viruses from 
entering the system. Newly purchased pigs or animals 
brought back to the facility must also be isolated and 
tested (Alarcón et al., 2021). A biosecurity plan should 
also account for contact with wild and feral pigs, wild 
birds (particularly waterfowl and other aquatic birds), 
poultry, humans, and potentially other species like 
horses. In addition, fomites include contaminated water 
sources that may harbor viruses (Foni et al., 2013). 
In herds that are consistently afflicted, good 
management can help lessen the severity of the disease, 
and early isolation of sick animals can help lessen 
transmission inside the facility (Mastin et al., 2011). 
Depopulation can eradicate the influenza virus from 
infected pig herds (Er et al., 2016). Some managerial 
initiatives may also be effective. Hand hygiene and 
sanitation (e.g., frequent hand washing) and the use 
of personal protective equipment, where suitable, 
are preventative measures against zoonotic influenza 
viruses (Moncion et al., 2019). Numerous public 
health organizations have released comprehensive 
guidelines, which include advice for the general public 
and agricultural fair exhibitors. These guidelines, 
in general, emphasize handwashing, avoiding close 
contact with pigs, and taking preventative measures 
to prevent mucous membrane contamination, like 
forbidding eating and drinking in pig pens (Dandagi 
and Byahatti, 2011). Additionally, they urge small 
children and anyone who is susceptible to more severe 
sickness from human seasonal influenza viruses to 
avoid pigs and pig enclosures at fairs. 
Although it is unlikely that retail meat will contain live 
SIVs, heating the meat will inactivate any viruses that 
make it to the consumer. In addition, viruses on fomites 
can be eliminated by following standard food safety 
procedures when handling raw meat products (Shurson 
et al., 2023). The possibility of zoonotic exposure 
should be taken into account when seeing a doctor for a 
disease that develops shortly after coming into contact 
with an animal.
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Conclusion
Swine influenza, a respiratory disease caused by the 
SIV, poses significant health risks to both pigs and 
humans, leading to severe outbreaks and financial 
losses in the agricultural sector. Understanding the 
virus’s transmission dynamics and developing effective 
management strategies are crucial for mitigating its 
impact on public health and livestock production. 
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