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Abstract                                                                                                                                                  

Background: West Nile Virus (WNV) is currently the most widely distributed arbovirus in the 

world, occurring in all continents except Antarctica. During the last 16 years, increasing numbers 

of WNV outbreaks have been associated with the appearance of more neuroinvasive strains.                                                                                                                                                                    

Objective: To determine the frequency rate of West Nile Virus infection among febrile children 

less than 12 years old in Khartoum State.                                                                                                                                  

Materials and methods: Blood specimens were collected from febrile children (less than 12 

years old) attending Ibrahim Malik Teaching Hospital, during the period from May to July 2017. 

Serum was separated and finger-prick blood specimens were collected and investigated for 

malaria screening. Detection of anti WNV IgG and IgM levels was performed by using a 

commercial enzyme linked-immunosorbent assay (ELISA) kit.                                                                                                                                                   

Results: 90 specimens were collected in this study. Among which 13 (14%) were found 

infected with malaria while the others 77 (86%) were not. 22 (24%) participants were found 

positive for anti-WNV IgG while 8 (9%) were found positive for anti-WNV IgM. No statistical 

significant difference was found between anti-WNV IgG  and anti-WNV IgM as regard 

seropositivity, gender, age or malaria infestation.                                                                                    

Conclusion:  No significant associations were detected between the seropositivity of anti-WNV 

IgG and IgM and gender, or age incidence, or malaria infestation among febrile children less 

than 12 years old in Khartoum State.                                                                                                                                                                                                                                                                      

Keywords: West Nile Virus infection , ELISA, Febrile children less than 12 years old.                                                                                                                                   

Introduction  

West Nile virus (WNV) is a small, enveloped, mosquito transmitted virus with a positive sense, 

11 kb RNA genome. It is a member of the Japanese encephalitis (JE) serocomplex of the family 

Flaviviridae, genus Flavivirus and related to other arthropod-borne viruses that cause human 

disease globally including dengue, yellow fever, and Zika viruses. WNV is currently the most  
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widely distributed arbovirus in the world, occurring in all continents except Antarctica. It was 

first isolated in 1937 from a woman with an undiagnosed febrile illness in the West Nile district 

of Uganda. Then its seropositivity spread to Uganda, Sudan, Democratic Republic of Congo and 

Kenya. It was isolated again (1950) in Egypt and the upper Nile delta. It continued to circulate in 

northern and sub-Saharan Africa throughout the late 20th and early 21st century, causing outbreaks 

in several countries; Algeria, Morocco, Tunisia, Democratic Republic of Congo and South Africa. 

Sporadic cases were diagnosed throughout Africa1.                                                                           

WNV invasion was not confined to Africa alone; many cases and epidemics were reported in 

southern and eastern Asia including India, Malaysia and Cambodia. The first confirmed human 

case of WNV infection reported in China was in 2013, and occurred again during the 2004 

outbreak of fever and neurological diseases in Xinjiang Province in northwestern China. Europe 

also had been engaged with the WNV epidemics since 1960s; mainly in central and south-eastern 

regions of Europe. In 1999, the WNV crossed the Atlantic Ocean to reach the western hemisphere 

and led to a major public health concern in the United States, where it has become endemic 

causing recurring outbreaks for many years. WNV infection was controlled for a while; before it 

bursts again in 2012. Since 2016, the WNV infection in people, birds, or mosquitoes was reported 

in all parts of USA. From USA the infection progressed downward to Southern America and 

imparted many sporadic as well as epidemics since 2004. During the last 16 years, increasing 

numbers of WNV outbreaks had been associated with the appearance of more neuroinvasive 

strains and higher human fatalities. In 2012, WNV cases were reported in Italy, Palestine, Russia, 

Serbia, Tunisia, and Greece2.                                                                                                                                                           

Phylogenetic analysis described five distinct WNV lineages, among which lineage 1 is the most 

virulent. It is responsible for the fatal neuroinvasive disease in humans and animals, These strains 

are found in North America, Palestine, Africa, Asia, the Middle East, Europe and Australia. 

Mosquito species: genus Culex appears to be the main vector implicated in the avian 

amplification cycle of WNV.  However, reports of transmission through blood transfusions, organ 

donations and from mother to neonate during childbirth or breastfeeding were discovered. 

Guillain-Barré syndrome has been reported with WNV infections which is mainly associated 

with many neurological manifestations such as encephalitis, meningitis, flaccid paralysis, 

persistent neurologic sequelae and possibly death, particularly in the elderly and 

immunocompromised individuals. Currently, there is neither specific therapy nor vaccination for 

prevention of WNV infection among humans. Protection is only achieved by controlling 

mosquitoes and avoiding mosquito bites. Development of a vaccine is an obvious priority to 

enhance prevention. Meanwhile, well organized and oriented surveys should be conducted to 

determine the prevalence rate as well as to evaluate risks of infection3.                                                         

This study aimed to detect seroprevalence rate of WNV infection among febrile children less than 

12 years old and with history of mosquito bites Khartoum State. 

Materials and methods                                                                                                             

 
This was a semi-quantitative, prospective, hospital-based, descriptive, and cross- sectional study.                             
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The study was carried out during the period from May to July 2017 among patients attending 

Ibrahim Malik Hospital, Khartoum, Sudan. Analysis of data was made by the Statistical Package 

for Social Sciences (SPSS) program (version 15). Confidentiality of information obtained from 

participants investigated was maintained. Verbal consent of the children parents was taken 

before being enrolled in the study. Laboratory results of specimens collected were handed to all 

participants included in the study. Permission to collect the specimens was obtained from 

Ibrahim Malik Hospital (Khartoum). Approval to run the study was taken from the Ethical 

Committee of the Islamic University, Omdurman, Sudan. Complete information regarding risk 

factors, if any, was explained to all participants' parents under the study without concealment.                                                                                                                               

Sampling was a non- probability purposive sampling type, and sample strategy was convenience                         

where participants were chosen on the basis of accessibility. Sample size was 90 blood 

specimens collected from children less than 12 years old. Demographic and clinical data were 

collected from all participants using a structured questionnaire. 5 ml of blood were collected 

from each patient in plain container, and then serum was separated and tested for anti-WNV IgG 

and anti-WNV IgM using ELISA technique.                                                                                                     

Finger-prick method was conducted to obtain blood samples for malaria screening from all 

febrile children under the study. Thick and thin blood film slides were prepared and stained with 

10% Giemsa stain for 10 minutes. The stained slides were then examined under a light 

microscope using 100× oil immersion.                                                                                                       

ELISA Procedure: Semi-quantitative analysis of anti-WNV IgM and IgG was performed by the 

Euroimmun ELISA machine (Germany) according to the manufacturer's instructions.                                   

100 µl of calibrator (1) for IgM, calibrator  (3) for IgG, positive control, negative control and 

diluted patients samples were transferred to microplate wells and incubated for 60 min at 37°C. 

450 µl of working strength wash buffer was used to wash microplate wells. This process was 

repeated 3 times. 100 µl of enzyme conjugate was then pipetted into each of the microplate wells 

and incubated for 30 min at room temperature (18-25°C. The microplate wells were washed 

again as described previously. 100 µl of chromogens/substrate was pipetted into each microplate 

well and incubated for 15 min at room temperature. 100 µl of stop solution was pipetted into 

each microplate wells. Results were recorded at 450 nm wavelength filters and also at 650 nm 

for reference reading by ELISA reader. The assay was calculated semi-quantitatively.                                         

For IgM detection, calibrator (1) was measured to report result according to the formula:                                                                                                                                                          

Extinction of the control or patient sample = Ratio Extinction of calibrator (1)                                         

Specimens with absorbance >1.1 Standard-Deviation above the mean absorbance of negative 

controls were considered as positive.                                                                                                                          

For IgG detection calibrator (3), the upper unit of the normal range of non-infected persons (cut-

off value) recommended by Euroimmun was 20 relative units (RU)/ml.                                                 

Euroimmun recommends interpreting results as follow:                                                                                  

>16 RU/ml: Negative,  ≥ 16 to 22 RU/ml: Borderline, and  ≥22 RU/ml: Positive 
 

Results 

90 blood specimens were collected in the study. Children investigated were 46 (51%) males and  
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44 (49%) females. The majority of children (60/67%) belongs to the age range 1-5 years. While those in 

the age range 6-12 years were 30 children (33%). Among all 90 febrile children included in the study, 13 

(14%) were infested with malaria while 77 children (86%) were not infested (Table 1).                                                              

For anti-WNV IgG seropositivity, 22 (24%) children were found positive; from these 10 (45.5%) were 

males and 12 (54.5%) were females; while no anti-WNV IgG was detected among 68 (76%) children.    

The 22 anti-WNV IgG positive cases were distributed equally among the two age ranges (11 children 

each). 3 children (13.6%) were found to be infested with malaria (Table 1).                                            

Regarding anti-WNV IgM seropositivity, 8 (9%) children were found positive; from these 2 (25%) were 

males and 6 (75%) were females; while no anti-WNV IgG was detected among 82 (91%) children. The 

age ranges of the 8 anti-WNV IgM positive cases were: 3 (37.5%) children in the age range 1-5 years, and 

5 (62.5%) in the age range 6-12 years. Only one child (12.5%) was found to be infested with malaria 

(Table 1). 
 

Table (1): Frequency rate of anti-WNV IgG and anti-WNV IgM seropositivity                                  

according to gender, age incidence, an malaria infestation 

 

Variables Frequency rate Percentage  

Gender 

Male 

Female 

 

46 

44 

 

51 % 

49% 

Age incidence 

1-5 Years 

6-12 Years 

 

60 

30 

 

67% 

33% 

Malaria 

Positive 

Negative 

 

13 

77 

 

14% 

86% 

Anti-WNV IgG 

Positive 

Negative 

 

22 

68 

 

24% 

76% 

Anti-WNV IgM  

Positive 

Negative 

 

8 

82 

 

9% 

91% 

Total 90 100% 

 

No significant difference was found between anti-WNV IgG seropositivity, gender, age 

incidence, or malaria infestation. Also, no significant difference was found between anti-WNV 

IgM seropositivity. gender, age incidence, or malaria infestation (Table 2).                                          

 

Hassan, et al., 2017: Vol 2 (11) 

http://ajmsc.org/d/?ckattempt=1


5 
 

African Journal of Medical Sciences                      http://ajmsc.info 
[ 

Table (2): Statistical analysis of anti-WNV IgG and anti-WNV IgM seropositivity                                  

as regard gender, age incidence, an malaria infestation 

 

Variables 
Anti-WNV 

IgG (Pos.) 

Anti-WNV 

IgG (Neg.) 
P-value 

Anti-WNV 

IgM (Pos.) 

Anti-WNV 

IgM  (Neg.) 
P-value 

Gender 

Male 

Female 

 

10 (45.5%) 

12 (54.5%) 

 

36 (52.9%) 

32 (47.1%) 

 
 

0.541 

 

2 (25.0%) 

6 (75.0%) 

 

44 (53.7%) 

38 (46.3%) 

 
 

0.052 

Age  

1-5 Years 

6-12 Years 

  

 

11 (50.0%) 

11 (50.0%) 

 

49 (72.1%) 

19 (27.9%) 

 
 

0.072 

 

3 (37.5%) 

5 (62.5%) 

 

57 (69.5%) 

25 (30.5%) 

 
 

0.067 

Malaria 

Positive 

Negative 

 

3 (13.6%) 

19 (86.4%) 

 

10 (14.7%) 

58 (85.3%) 

 
 

0.901 

 

1 (12.5%) 

7 (87.5%) 

 

12 (14.6%) 

70 (85.4%) 

 
 

0.870 

 
 

Discussion 

WNV is the cause of several outbreaks of WNV infection in Europe, the Middle East and the 

Americas for the last 20 years. Since most WNV infections are asymptomatic, a seroprevalence 

survey is needed to check the exposure of the population to this virus and to identify areas with 

high endemicity. In this context, we performed a cross-sectional study to determine the 

seroprevalence rate of WNV antibodies among febrile children less than 12 years old in 

Khartoum.                                                                                                                                                

The children investigated were 46 (51%) males and 44 (49%) females. 10 males and 12 females 

were found positive against anti-WNV IgG and 2 males and 6 females were found positive 

against anti-WNV IgM. However, there was no significant difference between gender and 

seropositivity of both WNV antibodies. These findings were similar to that reported by Abdallah 

and his colleagues who investigated WNV antibodies among hemodialysis patients in Khartoum 

State4.                                                                                                                                            

Nevertheless, Al Hag and his co-workers studied WNV antibodies among blood transfusion 

donors in Khartoum State (2014) and they found a significant difference between gender and 

WNV seropositivity5.                                                                                                                                 

60 children in the current study were in the age range 1-5 years; while 30 children were in the 

age range 6-12 years. Positive anti-WNV IgG cases were found distributed equally among all 

age ranges. Regarding positive anti-WNV IgM cases, 3 children were in the age range 1-5 years, 

and 5 children were in the age range 6-12 years. No significant association was found between 

age and seropositivity of both WNV antibodies. Several studies conducted in Sudan had support 

these findings (4, 5).                                                                                                                                    
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Depoortere and his co-authors (2002) studied an outbreak of severe neurological infection among 

children in Nuba Mountains (Sudan) caused by WNV; and found a very high seropositivity rate 

(87.5%) of anti-WNV IgM antibody. Thus Depoortere had reported a significant correlation 

between age incidence and WNV infection6.                                                                                       

From all 90 febrile children investigated. 13 children (14%) were found infested with malaria 

protozoon; while 77 children (86%) were not infested. As shown in Table (2), significant 

association between malaria infestation and WNV IgG and IgM antibodies were not detected.        

Positive anti-WNV IgG was detected  among 22 children (24%), and positive anti-WNV IgM 

cases was detected  among 8 children (9%). Moreover, one study conducted in suburban areas of 

Khartoum State (Hattab, Dardog, and Droshab) reported a much higher seropositivity rate 

(70.03%) of WNV IgG antibodies7.                                                                                               

On the other hand, the results of the present study revealed a higher seroprevalence (22%) for 

anti-WNV IgG and IgM antibodies as compared with international serosurveys performed in 

Greece (2.1%)8, Turkey (2.5%)9, and Spain (6.5%)10; however, it was lower than that reported 

from Gabon (27.2%)11.                                                                                                                  

Main limitation of the current study was failure to check ELISA false positive results that may be 

due to cross-reactivity or lack of specificity. The study would had been more beneficial if its 

sample size was higher.                                                                                                                                            

Conclusion: No significant associations were detected between the seropositivity of anti-WNV 

IgG and IgM and gender, or age incidence, or malaria infestation among febrile children less 

than 12 years old in Khartoum State.                                                                                                   
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