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ABSTRACT 

West Nile Fever (WNF) is a viral emerging mosquito-borne disease causing mortality and morbidity 

with varying severity (from mild fever to severe neuroinvasive disease) among human and animal 

populations in many parts of the world. The current study aimed to confirm the virus circulation and 

assess the disease seroprevalence in horses of Morocco. A sample of 1171 healthy non-vaccinated 

(against-WNF) horses, taken from 11 (out of 12) regions of the country during July-December 2016, was 

primarily tested using competitive ELISA assay (cELISA). All cELISA-reactive positive and doubtful 

sera (n= 269) were further tested by virus neutralization test (VNT). The results of cELISA test revealed 

an overall WNF seroprevalence in 21.8% (255/1171) of sampled horses. This rate decreased to 18.8% 

(220/1171) after the confirmation of VNT. The WNF seroprevalence in the current study varied 

significantly by age, gender, and breed of the tested horses. Indeed, the higher seropositivity rates were 

found in the oldest (27.7%), female (22.0%), and saddle (32.1%) horses. However, the origin of animals 

did not show any significant effect on the West Nile virus infection. The obtained results of the present 

study, therefore, provided serological and epidemiological evidence of the endemicity of the WNV in 

horse populations of Morocco.  
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INTRODUCTION 

  

West Nile fever (WNF) is an emerging zoonotic mosquito-borne disease caused by a single-stranded RNA virus of the 

Flaviviridae family (Campbell et al., 2002). It circulates in a natural transmission cycle involving birds, the virus natural 

primary host (over 250 species), Ornithophilic Culex ssp (mosquito vectors), as well as incidental hosts (i.e., horses and 

humans) that are generally dead-end hosts as their viremia level is not enough to spread the disease (Beasley et al., 2005; 

Reiter, 2010; OIE, 2021). West Nile Fever is a notifiable disease listed in the Terrestrial Animal Health Code of the 

Organisation for Animal Health (OIE). 

The symptoms of West Nile infection vary in severity, from a mild fever to severe and fatal neuroinvasive disease in 

various host species (Nall, 2018; Habarugira et al., 2020). However, the neurological form remains the most serious 

complication of the disease (Samuel and Diamond, 2006). Although the disease remains asymptomatic in most infected 

people (8 out of 10), West Nile virus (WNV) infection has been associated with severe meningoencephalitis and acute 

flaccid paralysis in some infected people (CDC, 2018). In animals, WNV can cause fatal infection in birds (especially 

corvids), alligators, and horses as well as other domestic and wild mammals, such as cattle, sheep, cats, dogs, skunks, 

and rodents (McLean et al., 2002; Bauerfeind et al., 2016; OIE, 2021). 

Since its first isolation in 1937 in the West Nile district of Uganda from a febrile woman, the WNV has been 

reported over a broad geographical range, including Africa, parts of Europe, the Middle East, West Asia, and Australia, 

as well as North, Central, and South America (Beasley et al., 2005; Murray et al., 2010; WHO, 2017; Habarugira et al., 

2020). Outbreak sites are usually on major migratory routes of birds. Indeed, the most important outbreaks occurred in 

Greece, Palestine, Romania, Russia, France, and the USA (WHO, 2017; OIE, 2021).  

In Morocco, according to the official declaration provided by the National Veterinary Services, the WNF disease 

appeared for the first time in 1996, when an outbreak caused the deaths of 42 horses (out of 94 cases) and 1 human 

(Tber, 1996; Figuerola et al., 2009). Afterwards, in 2003, the disease reappeared in nine horses (Schuffenecker et al., 
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2005). Then, after a silence of seven years (in 2010), the disease reappeared when WNF was confirmed in 17 horses. 

Since then, there has been no declaration of clinical cases of the disease in the country. However, five 

seroepidemiological studies carried out in the north of the country revealed the circulation of the WNV in 4.0% of 346 

native wild birds (Figuerola et al., 2009), 11.8% of 499 healthy people (El Rhaffouli et al., 2012), 31% of 840 

(Benjelloun et al., 2017) and 33.7% of 92 (Assaid et al., 2020) horses, as well as 60% and 62% of military working 

animals (49 horses and 231 dogs, respectively, Durand et al., 2016). Likewise, an entomological study confirmed the 

virus circulation among the culex mosquito populations in the country (Assaid et al., 2020). However, all these studies 

were carried out only in the north of Morocco. Therefore, to confirm the virus circulation and to assess the national 

seroprevalence of the disease throughout the country, the present study was conducted in 11 (out of 12) regions of 

Morocco, targeting a large sample of 1171 horses. 

 

MATERIAL AND METHODS 

 

Ethical consideration 

The samples were collected by a qualified veterinarian and a veterinary technician. The horse breeders were always 

informed of the objectives and the nature of the analysis. 

 

Study area and sampling 

The study was carried out across the country of Morocco in 11 administrative regions (out of 12). The reason for 

having no sample from the Draa-Tafilalet region (region number “8”) was the small horse population in this region 

(Figure 3). The investigations were conducted from July to December 2016. This cross-sectional study involved a sample 

of 1171 horses, which represents 1% of the total population of Morocco estimated at 110000 horses (Chemsi, 20019). 

All the tested animals were healthy, non-vaccinated (against WNV), and with no clinical signs of WNF disease. The 

horse farms, as well as the tested animals, were chosen randomly. The horses were born, bred, and lived for at least all 

the previous year within their horse farm. 

 

Samples pre-processing  

The blood samples of horses were drawn from the jugular vein in 5 ml sterile dry tubes and then sent to the 

laboratory for testing at a temperature of +4°C. After centrifugation (20 minutes at 2500 RPM) and serum collection, 

samples were stored at -20°C (Assaid et al., 2020). 

 

Enzyme-Linked Immunosorbent Assay (ELISA) Competitive 

All the 1171 horse sera were tested for the presence of WNV antibodies using the ID Screen
®
 West Nile 

Competition Multi-species Kit (ID.Vet, France), for the detection of the monoclonal antibody to WNV envelope protein 

(pr-E) by the competitive ELISA method (following the manufacturer’s instructions). The absorbance (optical density) 

of the ELISA test results was read at a wavelength of 450 nm. To confirm the ELISA test results, all the positive and 

dubious samples were re-tested by the serum virus neutralization test.  

 

Serum virus neutralization test  

The serum virus neutralization (SVN) test was preceded by the multiplication and then the titration of the virus 

steps. The used WNV strain "Mor.1996 EQ" had been initially isolated in 1996 from the brain of a mare originating from 

the first outbreak in Morocco (El Harrack et al., 1997). It had been isolated on BSR cells (BHK cell clone: Baby Hamster 

Kidney cells) and was then adapted on Vero cells (continuous lineage African green monkey kidney cells). For the virus 

multiplication in cell culture, within this study, the same cell lineage (VERO cells) was used (OIE, 2018).  

Virus titration was conducted on 96-well Nunc plates seeded by Vero cells at 120,000 cells/ml. This titration was 

performed according to, first three serial 10-fold dilutions up to 10
-3

 and then, to five serial 4-fold dilutions (1/4) up to 

10
-6

. The titration was calculated according to the Reed and Muench method, based on the observation of the 

cytopathogenic effect on Vero cells after 9 days of incubation at 37°C, 5% CO2, the obtained virus titer was 10
4
 

DITC50/ml (Ramakrishnan, 2016; Reed and Muench,1938). The SVN test was performed following the OIE “Manual of 

Diagnostic Tests and Vaccines for Terrestrial Animals” (OIE, 2018). The cytopathogenic effect was observed from 5 to 

9 days after incubation.  

 

Data and statistical analysis  

The data were analyzed according to four factors, including age, gender, region of origin, and breed of the horses. 

The different breeds were grouped into five classes according to their typical discipline, including Arabian (race and 

show horses), Barb and Arabian-Barb (BA-AB for Tbourida (Moroccan ancient equestrian art) and breeding 

competition), Thoroughbred and Anglo-Arabian (TB-AA) (racehorses), Saddle horses (SH) (mainly used for show 

https://en.wikipedia.org/wiki/Endurance_riding
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jumping), and Pony (used for short rides). The proportions of seroprevalences according to the four factors listed above 

were compared by calculating 95% confidence intervals with the Mantel-Haenszel Chi-Square test in OpenEpi© 

Software (2021). 

 

RESULTS 

 

The competitive ELISA test results for the 1171 horse sera revealed that 255 (21.8%) were positive for WNV antibodies, 

and 14 (1.2%) were dubious. As previously stated, all positive and doubtful sera were re-tested with the SVN. Out of the 

269 re-tested sera (255 positive and 14 doubtful), 220 were positive in both tests yielding a national WNF seroprevalence 

of 18.8%. 

This seroprevalence varied significantly (p < 0.05) according to the age, gender, and breed factors of tested animals. 

Indeed, the oldest animals showed higher seropositivity (27.7%) than the younger ones (13.9%, Figure 1). Females were 

more frequently seropositive (22.0%) than males (17.2%). Moreover, the SH breeds showed the highest seropositivity 

(32.1%), while the TB-AA breeds showed the lowest one (14.7%, Figure 2). The seroprevalence variation according to 

the three factors (age, gender, and breed) was highly significant, as the results of the Chi-squared test were respectively 

χ
2
=18.4 (p < 0.05), χ

2
=8.9 (p < 0.05), and χ

2
=15.2 (p < 0.05). However, the area of origin of animals has shown no effect 

on the WNV infection (χ
2
=13.1, p > 0.05, Figure 3). 

 

 
Figure 1. West Nile Virus seroprevalence variation by age of tested horses during July-December 2016 in Morocco  

 

  
Figure 2. West Nile Virus seroprevalence variation by horse breeds (Arabian, BA-AB, Pony, TB-AA, and SH) during 

July-December 2016 in Morocco 
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Figure 3. West Nile Virus seroprevalences in horses during July-December 2016 in different regions of Morocco 

 

DISCUSSION  

 

West Nile fever is a zoonotic mosquito-borne disease that can cause fatal neurological diseases in humans as well as 

various domestic and wild animal species, especially horses and birds. The present study provides serological evidence 

of the WNV circulation among horse populations all over the country of Morocco, with a global seroprevalence of 

18.8%. The current study is the first to report evidence of WNV circulation in the south of Morocco, as all the previous 

Moroccan studies (Durand et al., 2016; Benjelloun et al., 2017; Assaid et al., 2020) were conducted only in the north of 

the country. In Morocco, as in other countries of the Mediterranean basin, the disease causes sporadic outbreaks in 

humans and animals. At first, this latter observation had led to the hypothesis that the virus was absent from this area  

(i.e., Mediterranean basin) and could have been periodically brought and seeded in it by infected migratory birds 

(Figuerola et al., 2009). However, previous studies, along with the current study, have provided serological evidence of 

the virus circulation in different species in Morocco, including humans, horses, dogs, and even native birds (virus natural 

reservoir), as well as viral evidence of the virus circulation among the Culex mosquito populations. This serological and 

viral evidence, along with the lack of clinical cases declared in the country since the last outbreak of the disease in 2010, 

strongly suggest that the virus is circulating undetected in the country. This latter observation confirms the observation 

reported by Figuerola et al. (2009). Indeed, in their study conducted after the two first outbreaks in the country (in 1996 

and 2003), they suggested that the virus circulation in Morocco may be back then already undetected as it was the case at 

that moment in southern Europe. Silent circulation of the virus was also reported in different countries within the 

Mediterranean area such as Spain, the Czech Republic, and Italy, as well as other areas in Europe (Calzolari et al., 2010) 

and South America (Fujita et al., 2018). As reported by Figuerola et al. (2009), the silent circulation of WNV in one area, 

suggests that the ecological and epidemiological factors leading to disease outbreaks are not quite clear. Furthermore, the 

current study indicated that the WNV seroprevalence significantly increased with the age of tested animals. This means 

that the risk of animals being infected by WNV has increased over time and animals have been regularly infected by the 

virus. Indeed, as reported by Autorino et al. (2002), when the seroprevalence increases with the age of animals, it means 

that the animals have had more chances of being infected by the virus over time. This implies that the virus is regularly 

circulating in the area where the animals are from. This epidemiological observation, along with the serological and viral 

evidence (particularly in native birds) previously mentioned, and the fact that the infection occurs throughout the 

country, with no significant difference between the different regions, demonstrate that the WNV infection is not sporadic 

or periodically introduced, but is an endemic disease in Morocco.  
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The WNV seroprevalence rate of 18.8% found in horses in the current study has been the lowest in Morocco so far. 

The other Moroccan studies have found seroprevalence rates ranging from 31.0 to 62.0% (Durand et al., 2016; 

Benjelloun et al., 2017; Assaid et al., 2020). However, in these studies, the sample of tested animals included non-

vaccinated as well as vaccinated horses against the WNV, while the present study was based only on non-vaccinated 

animals. This may explain the higher seroprevalence rates observed in these studies compared to those of the current 

study. These high rates may also be explained by the fact that the other studies had been undertaken as mentioned above, 

only within the northern part of the country (close or even within the declared outbreak areas), whilst the present study’s 

samples were collected from animals from different areas across the country (within and out of the declared outbreak 

areas). The rate in the current study was also lower than those reported in other parts of the Mediterranean basin, such as 

the northeastern part of Algeria, where 26.8% (19/293) of healthy and unvaccinated horses were found seropositive for 

WNF in 2014 (Lafri et al., 2017). Moreover, in five major regions of Jordan, 24.9% (63/253) of surveyed horses were 

seropositive for WNV (Abutarbush, 2014), and in Western Spain, 19.72% (143/725) of horses were confirmed as 

positive for WNV (Guerrero-Carvajal et al., 2020). However, the rate in the current study was higher than others 

reported in the Mediterranean area, such as south-western Tunisia, where 4 (14.3%) of 28 tested horses were seropositive 

(Ben Hassine et al., 2014), the Balearic Islands, where 6.4% (11/172) of horses were detected with antibodies against 

WNV (Vanhomwegen et al., 2017), and Southern France, where WNV antibodies were found in 291 (9.7%) of 2995 

tested horses (Durand et al., 2002).  

Furthermore, in the current study, the seroprevalence varied significantly by gender, breed/discipline, and age of 

horses. Indeed, according to the results of the present study, age appeared to be a major risk factor for the WNV 

infection, as the seroprevalence rates increased significantly with age in a highly significant way (p < 0.0001). Other 

studies have also reported that the risk of WNV infection increased with the age of animals (Ben Hassine et al., 2014; 

Cardinale et al., 2017; Guerrero-Carvajal et al., 2020). However, others reported that age was not associated with an 

increased risk of being seropositive for WNV (García-Bocanegra et al., 2012; Abutarbush, 2014; Vanhomwegen et al., 

2017). In fact, as reported by Autorino et al. (2002) and stated above, when no significant differences in age-specific 

prevalence are observed in one area, it indicates that the horse populations have not been exposed in the previous years 

to WNV, which means that these animals are not regularly infected by the virus, as they would have been in an endemic 

area. The WNV seroprevalence variation regarding the gender of horses was reported by many studies. However, most 

of them, unlike the current study, have found either a higher incidence of WNV in male horses than females (Ostlund et 

al., 2001; Abutarbush, 2014; Baba et al., 2014) or no effect of gender on seropositivity (Durand et al., 2002; Hassine et 

al., 2014; Bażanów et al., 2018; Ben Guerrero-Carvajal et al., 2020). Indeed, to date, the effect of gender on the 

susceptibility to WNV infection is still unknown. Likewise, a recent study has reported that WNV seropositivity among 

equids was not significantly associated with body score, type of housing, aptitude, competition, and size of herd 

(Guerrero-Carvajal et al., 2020). Therefore, although the seroprevalence was significantly associated with the 

breed/discipline factor in the present study, there has been no tangible evidence that may explain the reason for the effect 

of this factor on WNV risk of infection. Indeed, as reported by different studies, the WNV risk of infection must be 

examined in terms of many different factors (strain characteristic, ecologic and environmental conditions, and vector 

behavior) that intertwine and change over different scales of time and space (Figuerola et al., 2009; Lockaby et al., 

2016). 

 

CONCLUSION 

 

Given the findings of the present study, it has been concluded that the West Nile disease is endemic throughout the 

country of Morocco, with a global seroprevalence of 18.8% among the horse populations. However, the exact ecological 

and epidemiological factors leading to disease outbreaks remain unknown in the country. Indeed, despite a significant 

association found in this study between the disease’s seroprevalence and age, gender, and breed/discipline of horses, the 

influence of these factors (especially the two latter ones) on the risk of infection by the WNV remains unknown. Further 

investigations to understand the complex interaction of the effects of the different factors associated with WNV 

incidence are therefore necessary. 
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