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Abstract 
Studies on Usutu virus (USUV) in Europe have been increasing through time, with 
USUV infection being identified in humans and animals. The emergence of  USUV in 
Europe draws our attention to how an arbovirus is able to spread, adapt, and evolve in 
a unconventional environment.
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Understanding the epidemiological and evolutionary processes that contribute to the 
appearance, maintenance, and further spread of  viral diseases is the key to develop and 
implement surveillance strategies to control them. The aim of  the present systematic 
review was to compile and evaluate all the published data on USUV from studies 
performed in humans, animals, and environmental samples in the Iberian Peninsula.
The electronic databases Mendeley, PubMed, Scopus, and Web of  Science were 
thoroughly searched, and research published up until July 6th 2024 were included. 
After full reading and application of  PRISMA exclusion/inclusion criteria, a total of  20 
eligible papers were considered.
Overall, the present review shows that USUV is circulating in humans, animals and in 
the environment in the Iberian Peninsula.
Key Words: Arbovirus, Flavivirus, infection, USUV, zoonotic

INTRODUCTION

Mosquito-borne viruses are the cause of  some of  the biggest threats for human health 
worldwide (Ferrero et al., 2022). Due to anthropogenic causes, such as climate change 
and globalization, some of  these arboviruses are being introduced and others are re-
emerging in new regions (Johnson et al., 2018).
Usutu virus (USUV) is an emerging arbovirus of  the family Flaviviridae, genus 
Flavivirus, and a member of  the Japanese encephalitis serocomplex (Clé et al., 2019; 
Roesch et al., 2019). This pathogen has zoonotic potential and, despite most of  the 
infections in humans being asymptomatic, there are reports of  neurological disorders 
(Cadar and Simonin, 2023; Pecorari et al., 2009). Like other flaviviruses, USUV is 
spherical and enveloped, with 40-60 nm in diameter, with a single-stranded, positive-
sense RNA genome (length of  around 11,000 nucleotides). This genome encodes a 
single polyprotein that is subsequently cleaved into three structural proteins, the capsid 
(C), membrane (prM) and envelope (E), and seven non-structural proteins (NS1, 
NS2A, NS2B, NS3, NS4A, NS4B, and NS5) (Roesch et al., 2019; Bakonyi et al., 2004).
USUV was first identified in South Africa in 1959 from a Culex neavei mosquito 
(Williams et al., 1964), then spread into other African countries, and finally introduced 
into Europe in 2001 (Ashraf  et al., 2015; Weissenböck et al. 2013; Weissenböck et 
al., 2002). USUV isolates are currently classified into eight lineages, clustered into the 
African (AF1, – 2, – 3) and the European (EU1, – 2, – 3, – 4, – 5) groups (Roesch et 
al., 2019). The virus is transmitted and maintained in the natural cycle by mosquitoes 
(mostly of  the genus Culex) as vectors and birds as amplifying hosts and natural 
reservoirs. Some episodes of  avian mortality have been registered in the last few 
years (Störk et al., 2021; Roesch et al., 2019). Mammals, like humans, horses, and 
rodents, can be accidentally infected, which makes them incidental hosts (Romeo et 
al., 2018; Barbic et al., 2013). Co-infections with other flaviviruses, like West Nile virus 
(WNV), are possible and probable, since they share the same vectors, namely Culex 
mosquitoes (Scaramozzino et al., 2021). The impact of  this co-circulation should be 
further investigated.
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There are no vaccines or specific treatment to USUV-caused disease, and the best way 
to avoid it is by preventing mosquito bites (ECDC, 2023). 
The increasing prevalence of  USUV in European countries has drawn the attention 
of  the scientific community (Clé et al., 2019). Transmission dynamics and in-depth 
phylogenetic analysis of  USUV in Europe have already been studied (Siljic et al., 2023; 
Engel et al., 2016). The current systematic review aimed to compile and evaluate all 
published data on USUV seroprevalence and detection studies of  the agent itself  in 
the Iberian Peninsula until July 2024.

MATERIALS AND METHODS

The present study consisted of  a systematic review of  the literature in order to answer 
the following research question “What are the reports of  USUV infection in the 
Iberian Peninsula?, and to analyze the prevalence of  this pathogen”. 
Exhaustive searches were carried out in the electronic databases Mendeley, PubMed 
(PM), Scopus, and Web of  Science (WOS), including studies published until July 
6th 2024, with no restriction on the start date. The Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis (PRISMA) criteria were followed for the 
systematic review (Shamseer et al., 2015), and the studies included were published, 
indexed, and peer reviewed. Language barriers were not included.
The literary search used the following keywords (Usutu OR USUV) AND (Portugal 
OR Spain OR Iberian Peninsula). After reading the title and the abstract, papers 
that did not address the detection of  USUV in Iberian Peninsula, and reviews and 
experimental studies were excluded from this systematic review. Articles with unclear 
information in the title and abstract were read in full, and then we selected only those 
with the target topic for inclusion in this study. The types of  publications included 
original articles, short communications, and case reports that addressed serological or 
molecular detection of  USUV in animals and humans in the Iberian Peninsula.
Two independent investigators (FL and ACC) screened the databases, and relevant 
information was extracted. All differences of  opinion about including a particular 
article were resolved between the coauthors.
Duplicate papers (n = 41) were identified, and a thorough analysis of  exclusion criteria 
was conducted, which resulted in the identification of  88 unrelated studies. After 
applying both inclusion and exclusion criteria, 20 potential papers were suitable for 
the systematic review. 

RESULTS AND DISCUSSION

A total of  129 articles were found: 77 in the PM database, 50 in the WOS database, 
and one each in Mendeley and Scopus. Thirty-nine articles were repeated in PM and 
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WOS, from which one was repeated among those and Mendeley and Scopus. All 
articles that did not report USUV detection studies were excluded because they were 
considered to be outside the scope of  this study. Reviews, experimental studies, and 
errata were also set aside. The last exclusion criterion applied was studies outside the 
Iberian Peninsula. In the end, 20 articles were included in this systematic review: six 
were present only in the PM search, 13 were repeated in PM and WOS, and one was 
present only in WOS (Figure 1).

Our main goal was to access all the reported cases of  USUV circulation in the Iberian 
Peninsula. The 20 studies included in this systematic review were conducted in Spain, 
and none in Portugal. In 2021-2022, animal USUV infection was not a notifiable 
disease at the European Union (EU) level. According to the European Centre for 

Figure 1. Flow diagram of  the search, selection and inclusion process for articles in this 
systematic review based on PRISMA guidelines.
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Disease Prevention and Control (ECDC) technical report, Portugal did not carry 
out specific surveillance activities related to USUV, and no cases were reported from 
there in the referred period of  time. On the other hand, USUV infections in animals 
(predominantly in birds) were described in the same report, but also in non-avian 
hosts. Spain was one of  the 30 countries that implemented a USUV surveillance 
system in animals (ECDC, 2023).
The studies found report USUV circulation in the following Spanish autonomous 
communities: Andalusia, Balearic Islands, Castile y León, Catalonia, Extremadura, and 
Madrid (Figure 2). The west of  the country seems to be the worst affected, and the 
fact that it is the area that borders Portugal should not be ignored. Spain, like other 
countries of  the Mediterranean Basin, is vulnerable to climate change, with greater risk 
than before of  heatwaves, droughts, and dry weather (UNEP, 2024). This region, as 
the rest of  Europe, was not considered prone to arboviral diseases, but the presence 
of  newly introduced competent mosquitoes has led to a growing number of  imported 
cases (Mariconti et al., 2019). The ambient temperature influences the vector capacity, 
both in terms of  the development of  the vector and of  the pathogen inside the vector. 
Within the tolerable temperature range of  vectors and viruses, pathogen multiplication 
is faster the higher the temperature, so the virus transmission increases with a greater 
frequency of  mosquito bites. Rising temperatures could also allow the transmission of  
arboviruses not only by known potential vectors, but also by native mosquito species 
not yet recognized as such (Beermann et al., 2023).

The 20 articles selected were published between 2008 and 2023. No article was 
published on data in Portugal during this time. Five articles analyzed USUV virus 
in mosquitoes, 10 in birds, five in horses or other equids, two in zoo animals, one in 

Figure 2. Map of  the autonomous communities of  Spain where USUV infections have been 
described : Andalusia, Balearic Islands, Castile y León, Catalonia, Extremadura, and Madrid  
(created by https://www.mapchart.net/).
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ruminants, one in dogs, and one in ticks (Table 1). Lesions caused by USUV infections 
have only been reported in birds (Agliani et al., 2023), but evidence of  the circulation 
of  antibodies against USUV has also been described in dogs and horses in other 
places outside the Iberian Peninsula (Laidoudi et al., 2023; Schwartz et al., 2020; 
Durand et al., 2016). One of  the reasons for this is because both of  these animals 
can be considered suitable sentinels for evidence of  USUV (and WNV) circulation 
in any specified area. So far, USUV does not seem to be pathogenic for horses, but 
they can be incidental and dead-end hosts, as they do not develop the high levels 
of  viremia needed to maintain the transmission cycle. There is evidence of  a close 
relationship between the viral seroprevalence among populations of  animals that 
share the same areas, which can be predictive of  infections in humans (Laidoudi et 
al. 2023). Regarding zoo animals, their living environment allows contact with wildlife 
species (including mosquitoes), which are a potential source of  infectious diseases, like 
arboviruses and other emerging pathogens (Kvapil et al., 2021). Therefore, zoos have 
been considered useful to the surveillance of  zoonotic viruses (Bergmann et al., 2023; 
Constant et al. 2020). Zoological collections include a wide variety of  animals, which 
can be scientifically interesting, allowing us to analyze susceptibility between species 
in the same place. 
Among other mammals, USUV antibodies were detected in an Iberian wolf  (Canis 
lupus signatus), a threatened carnivorous mammal species, and have also been detected 
in many endangered bird species (Bergmann et al., 2023; Constant et al., 2020). Serious 
outbreaks of  bird mortality have been recorded in Europe, so it is vital to invest in the 
protection of  valuable individual birds, in preventing new introductions into zoos or 
other collections, as well as in protected natural areas.
Wild birds play an important role as reservoir hosts and as carriers of  zoonotic 
arboviruses and their vectors in Europe. It has been suggested that the phylogenetic 
structure of  the virus is shaped by the geographic location and pattern of  migratory 
flyways, which probably facilitates the rapid spread of  the virus over long distances. 
Nevertheless, with globalization, the long-distance spread of  the virus cannot be ruled 
out through the transport of  USUV-infected mosquitoes by ships or planes (Engel et 
al., 2016).
Mosquitoes have been the subject of  many studies to detect the virus. Culex pipiens is 
considered the main USUV vector in Europe (Čabanová et al., 2023). The distribution 
of  Culex perexiguus in Europe has been accessed recently, and the species is remarkably 
widely present in the Iberian Peninsula (ECDC and EFSA, 2023). USUV has been 
detected in this mosquito in Spain (Vázquez et al., 2011). Following the pattern of  
other interactions between viruses and vectors, bear in mind that C. perexiguus could 
become an important vector of  the virus for the rest of  Europe.
Several diagnostic techniques were used in the selected articles (Table 1). Nine articles 
used molecular techniques (RT-PCR), and 16 used serological assays: 15 studied 
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enzyme-linked immunosorbent assays (ELISA), 16 used viral neutralization tests 
(VNT) and one used microsphere based multiplex immuno-assay (MIA).
Although serological tests continue to be necessary and important for identifying 
flaviviral infections that are not in the viremic phase, molecular methods can be useful 
for detecting USUV infections. RT-PCR assays have been developed to detect the 
agent and distinguish it from other arboviruses (Cavrini et al., 2011; Scaramozzino 
et al. 2001). The genome target region in all the studies analyzed was the NS5 gene. 
Non-structural (NS) proteins are typically expressed in infected host cells, contribute 
to viral pathogenesis, and are usually not enclosed in assembled progeny flavivirus 
particles (Dey et al., 2021). 
The diagnosis of  infections caused by Flavivirus is often very difficult due to the short 
period of  viremia, the non-specific clinical signs induced, and the high cross-reactivity 
exhibited in the diagnostic tests (Čabanová et al., 2023; Gomes da Silva et al., 2023). 
Conventional ELISA presents moderate specificity. Neutralization tests are the most 
reliable serological assays, being plaque reduction neutralization test (PRNT), micro-
neutralization test (MNT), and VNT, all of  which are considered as gold standard 
techniques for quantifying and detecting the levels of  neutralizing antibodies against 
different flaviviruses. MNT and VNT are commonly performed to confirm the results 
of  conventional serological methods because they allow the detection of  virus-specific 
antibodies, are cost effective, and are largely automated. The disadvantages are that the 
test is complex and requires BSL-3 facilities (Girl et al., 2024; Chan et al., 2022; Musso 
and Després, 2000). 
Co-circulation between flaviviruses of  the same group is analyzed in several of  the 
selected articles: 15 articles evaluated simultaneously WNV, five reported on Bagaza 
virus (BAGV), five on Meaban virus (MBV), and three on tick-borne encephalitis 
virus (TBEV) (Table 1).
Co-circulation of  USUV, WNV, and TBEV has been described in Central Europe 
and has been causing public health concerns (Čabanová et al., 2023). The diagnosis 
and monitoring of  USUV is still not part of  the routine for public health authorities 
in many countries, but the increasing trend of  flaviviral infections might change this 
paradigm soon. Meanwhile, the epidemiological data is a valuable help to guide the 
diagnosis.
Regarding co-circulation of  USUV and WNV, this is a reality that can be expected. 
Both of  these viruses share the same vectors (Culex spp. mosquitoes) and migratory 
wild birds as the major amplifying host. The transmission dynamics of  these pathogens 
are influenced by common biological and environmental factors, such as humidity, 
temperature, and density of  vectors and reservoirs, among others (Engel et al., 2016).
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CONCLUSION

The increased international movement of  people promotes the spread of  pathogens 
throughout different continents. The transformation of  habitats and increase of  
inhabited areas, in turn, promote increased contact between wildlife, vectors, and 
humans. Flaviviruses are currently distributed worldwide and, due to their overlapping 
distributions, pose a major threat to global health. In the last decades, flaviviruses have 
showed an increasing occurrence and/or wider geographical distribution area. The JEV 
group, specifically, causes febrile illness and neurological syndromes, when patients 
develop symptoms. USUV has an enzootic cycle between birds and mosquitoes, 
and after it was first detected in Europe (Italy) in 1996, it spread to many European 
countries. Due to the gathering of  articles with very different study populations and 
diagnostic techniques used, there is a lot of  variability in the presented results, but it 
is undoubtedly shown that the virus is present in the Iberian Peninsula. Its impact 
for animal and public health ought to be better assessed in this region. An integrated 
surveillance system could improve the monitoring of  its evolution in a One Health 
approach.
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USUTU VIRUS NA IBERIJSKOM POLUOSTRVU:  
SISTEMATIČNI PRIKAZ 

 
Filipa Loureiro, Luís Cardoso, João R. Mesquita,  
Ana C. Matos, Manuela Matos, Ana Cláudia Coelho

Studije o Usutu virusu (USUV) u Evropi postaju sve brojnije tokom vremena, pri čemu 
je infekcija USUV identifikovana kod ljudi i životinja. Pojava USUV u Evropi skreće 
pažnju na to kako se arbovirus može širiti, prilagođavati i evoluirati u nekonvencio-
nalnom okruženju. Razumevanje epidemioloških i evolutivnih procesa koji doprinose 
pojavi, održavanju i daljem širenju virusnih bolesti ključno je za razvoj i sprovođenje 
strategija nadzora radi njihove kontrole.
Cilj ove sistematske publikacije bio je da se prikupe i procene svi objavljeni podaci 
o USUV-u iz studija sprovedenih na ljudima, životinjama i uzorcima iz okoline na 
Iberijskom poluostrvu. Elektronske baze podataka Mendeley, PubMed, Scopus i Web 
of  Science temeljno su pretražene, a uključena su istraživanja objavljena zaključno sa 
6. julom 2024. godine. Nakon potpunog pregleda i primene PRISMA kriterijuma za 
isključivanje/uključivanje, ukupno je razmatrano 20 relevantnih radova.
Ovaj rad pokazuje da USUV cirkuliše među ljudima, životinjama i u životnoj sredini 
na Iberijskom poluostrvu.

Ključne reči: Arbovirus, Flavivirus, infekcija, USUV, zoonoza


