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ABSTRACT

Objective: In countries with the West Nile virus (WNV) presence, blood bank screen donated blood 
for WNV to reduce contamination risk. Despite surveillance studies in Turkey, which is currently a 
sporadic region for WNV, it remains unclear whether routine WNV screening is necessary. The aim 
of this study was to investigate whether WNV screening is necessary in Turkey by analyzing WNV 
seropositivity in blood donors (BD) in Istanbul, which houses more than one-fifth of the country’s 
population.

Material and Methods: This cross-sectional research was conducted between April 2020 
and December 2020 as a joint study by the University of Health Sciences Turkey, Kanuni Sultan 
Suleyman Training and Research Hospital and University of Health Sciences Turkey, Sisli Hamidiye 
Etfal Training and Research Hospital, Istanbul, Turkey. A total of 552 healthy BDs who applied to 
the blood center of these two hospitals and accepted participation were included in the study.

Results: Among the donors, 522 were male and 30 were female, and the median age of the 
volunteers was 37 (range 22-61) years. The city of residence was Istanbul 507 (91.8%) volunteers, 
while 45 (8.2%) lived in other cities. The initial WNV immunoglobulin G (IgG) results of 528 (95.7%) 
volunteers were negative and 24 (4.3%) were equivocal. Tests with equivocal results were repeated 
and all repeat tests showed negativity.

Conclusion: We did not detect WNV IgG positivity in any BD participating in our study. Our results 
demonstrate that WNV screening is unnecessary in Turkey. However, to prevent contamination 
risks, such studies must be conducted and repeated frequently after the emergence of sporadic 
diseases that can be transmitted by blood.

Keywords: Blood donors, infections transmitted by transfusion, West Nile virus, West Nile virus 
immunoglobulin G

What this study adds? 
Although Istanbul is a city on bird migration routes, the 
frequency of West Nile virus was found to be negative 
among BDs. 
Therefore, it can be suggested not to perform screening 
for West Nile viruss in BDs in Turkey.

What is known on this subject? 
While donor selection is made in blood donors (BD) 
in Turkey, West Nile virus screening tests are not 
performed. In some countries in the world, this virus 
screening is mandatory for every donor. Is this screening 
test necessary for our country?
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Introduction

West Nile virus (WNV) is an enveloped positive- sense 
RNA virus from the Flavivirus family. It is classified in the 
Japanese encephalitis serocomplex of the Flavivirus genus (1). 
The first isolation of the WNV was in the West Nile Region of 
Uganda in 1937. After this date, it has caused epidemics in 
different parts of the world (2). WNV circulation is a zoonotic 
cycle of transmission between various species of birds and 
primarily Culex mosquitoes (3), whereas mammals are dead-
end hosts and demonstrate the clinical symptoms of WNV 
infection (4). People are often infected with mosquito bites 
(5). However, scientific studies have shown that WNV can also 
be transmitted from person to person through intrauterine 
exposure, breastfeeding, blood transfusion, organ transplant, 
and occupational exposure (3,4). Since 80% of WNV infections 
are asymptomatic, there is a high risk of transmission to blood 
product recipients without screening for WNV (5). 

In the 1960s, the first studies on the existence of arboviral 
infections began in Turkey (6). In studies conducted between 
2007 and 2010, WNV seropositivity in blood donors (BDs) was 
found to be 9.4% in the Southeast and 0.56% in the Central 
Anatolia regions of Turkey (7,8). The first cases of acute human 
WNV infection in Turkey were documented in 2010 in a cluster 
of 47 individuals who had presented with encephalitis-like 
symptoms, which was ultimately defined as an epidemic (6). 
Before these cases, reporting of WNV infections in Turkey was 
not mandatory, but this event triggered the inclusion of WNV 
into the list of notifiable diseases and Turkey was defined 
as a sporadic region for the disease. Concern about the 
transmission of WNV by blood transfusion is increasing in the 
United States (US) and Europe. Today, in some countries where 
WNV cases are endemic, screening for WNV has started in all 
blood and organ donors to reduce the risk of transmission 
of this microorganism through blood and blood products 
and organ transplantation (3,9). Despite surveillance studies 
for WNV in Turkey, it remains unclear whether routine WNV 
screening in BDs is required in the country.

This study aimed to investigate whether WNV screening 
is necessary in BDs in Turkey, which is currently a sporadic 
region for WNV, by detecting WNV seropositivity frequency 
among BDs in Istanbul, which houses more than one-fifth of 
the country’s population.

Material and Methods

Study Design

This cross-sectional study was conducted between April 
2020 and December 2020 as joint research by University of 

Health Sciences Turkey, Kanuni Sultan Suleyman Training 
and Research Hospital and University of Health Sciences 
Turkey, Sisli Hamidiye Etfal Training and Research Hospital, 
Istanbul, Turkey. The study was initiated with the approval 
of the University of Health Sciences Turkey, Kanuni Sultan 
Suleyman Training and Research Hospital Ethics Committee 
(2020.07.136, no: KAEK/2020.07.136) and was performed 
out according to the BD selection criteria guidelines of the 
Ministry of Health. Additionally, informed consent was 
obtained from each volunteer donor included in the study 
for infectious disease screening in blood products. Routine 
safety tests, anti HIV-1 antibody, anti HIV-2 antibody, HIV p24 
antigen, anti HCV antibody, HBsAg and syphilis total antibody 
levels were measured.

Study Population

A total of 552 healthy volunteers who applied to the 
blood center of the University of Health Sciences Turkey, 
Şişli Hamidiye Etfal Training and Research Hospital or the 
University of Health Sciences Turkey, Kanuni Sultan Suleyman 
Training and Research Hospital as BDs were included in 
the study. The volunteers for the study were selected from 
the donor group who applied from April 2020 to December 
2020, the months during which WNV has been detected most 
frequently (10). 

Serological Screening

The blood samples were centrifuged at 2500 rpm for 
15 min and then stored at -70 °C until measurements were 
performed. All samples were analyzed quantitatively for 
WNV immunoglobulin G (IgG) using commercial microplate 
enzyme-linked immunosorbent assay (ELISA) kits (West Nile 
IgG ELISA, DRG Instruments, Germany, Catalogue number: 
EIA 4519) according to the manufacturer’s instructions as 
follows. Briefly, all specimens and reagents were brought to 
room temperature (20-25 °C) and gently mixed. The positive, 
negative controls were assayed in duplicate and test samples 
were assayed in duplicate. WNV-derived recombinant antigen 
(WNRA) and normal cell antigen (NCA) were readily-bound to 
wells. Serum samples and positive and negative controls were 
diluted using 1:300 sample dilution buffer. Fifty μL of diluted 
serum samples and controls were added to the wells. The 
strips were covered and incubated at 37 °C for one hour (NUVE 
EN-500, Turkey). After the incubation, the strips were washed 
6 times with the wash buffer. An automatic washwell plate 
washer (Robonik, India) was used for the wash buffer. Then, 
50 μL of HRP-conjugated solution was added to each well. 
A second 1-hour 37 °C incubation was performed and strips 
were again washed 6 times. Incubation with 150 μL EnWash 
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(provided in the kit) was performed at room temperature for 
5 min. After another washing step, 75 μL TMB substrate was 
added to each well. Finally, it was incubated for 10 min at 
dark room temperature. Fifty μL of stop solutionwas then 
added to each well, and the plates were read immediately at 
450 nm (Robonik, India).

Data Analysis and Validity Criteria

The mean optical density of two sample replicates with 
WNRA was evaluated for each sample and assay control, two 
sample replicates were calculated with NCA. The WNRA/NCA 
ratio (immune status ratio, ISR) was then calculated. The 
same calculation was performed for the positive and negative 
controls. Any negative control WNRA/NCA ratio greater than 
1500 was accepted for repeating the test procedure. Any 
positive control WNRA/NCA ratio less than 3000 was accepted 
to indicate that the test procedure must be repeated. We used 
WNR reverse transcriptase polymerase chain reaction (RT-PCR) 
for nucleic acid identification as a supplemental test when 
needed.

Interpretation of the Results

Results were interpreted as follows:

Negative: WNRA/NCA ratio (ISR) ≤2 are seronegative for 
WNV IgG,

Equivocal: WNRA/NCA ratio (ISR) of 2-3 is equivocal and 
should be retested,

Positive: WNRA/NCA ratio (ISR) ≥3 are seropositive for WNV 
IgG and should be confirmed by supplemental testing.

Statistical Analysis

All analyses were performed on SPSS v25 (SPSS Inc., Chicago, 
IL, USA). Data are given as median (minimum - maximum) 
for continuous variables and as frequency (percentage) for 
categorical variables. 

Results

Five hundred and twenty-two male and 30 female 
volunteers with a median age of 37 (range 22-61) years 
were included in our study. five hundred and seven (91.8%) 
volunteers were from Istanbul and 45 (8.2%) volunteers were 
from other cities. Anti HIV-1 antibody, anti HIV-2 antibody, 
HIV p24 antigen, anti HCV antibody, HBsAg and syphilis total 
antibody were negative in all volunteers. All specimens met 
the assay validity criteria. WNV IgG results of 528 (95.7%) 
volunteers were negative and 24 (4.3%) were equivocal (Table 
1). The tests of 24 volunteer serums with equivocal results 
were repeated and repeat tests were negative for all of these 

subjects. Thus, all volunteers included in the study were found 
to be negative for WNV IgG.

Discussion

WNV is one of the most common arboviruses in the world 
(2). In the last two decades, there have been many changes in 
the epidemiology of the WN virus and it has caused endemic 
outbreaks in many countries. WNV is a Flavivirus that has 
since emerged as a public health issue (4,8). Interest in WNV 
has been increasing since 2002, when it was determined 
that it could be transmitted through blood transfusion and 
organ transplantation. Efforts to reduce the risk of virus 
transmission are important in blood recipients, particularly 
patients who receive multiple transfusions and those who 
are immunocompromised (11). Our knowledge of its recent 
epidemiology in Turkey is not Japanese. Tests previously used 
to distinguish WNV from other Flavivirus strains in Turkey had 
lower specificity. WNV seroprevalence rates were also based 
on these experiments (7,12,13). Although blood centers in 
many countries around the world have made WNV screening 
a routine the necessity of screening is still unclear for Turkey. 
To provide data on this topic, we evaluated the presence of 
WNV IgG antibodies, which is one of the most frequently used 

Table 1. Summary of volunteers’ characteristics and 
laboratory measurements

Age 37 (22-61)

Gender

Male 522 (94.6%)

Female 30 (5.4%)

City

Istanbul 507 (91.8%)

Other 45 (8.2%)

Anti HIV-1 positivity 0 (0.0%)

Anti HIV-2 positivity 0 (0.0%)

HIV p24 positivity 0 (0.0%)

Anti HCV positivity 0 (0.0%)

HBsAg positivity 0 (0.0%)

Syphilis positivity 0 (0.0%)

WNRA 0.083 (0.062-0.234)

NCA 0.070 (0.051-0.093)

ISR 1.246 (0.710-2.786)

Negative (≤2) 528 (95.7%)

Equivocal (2-3) 24 (4.3%)

Positive (≥3) 0 (0.0%)

Data are given as median (minimum - maximum) for continuous variables 
and as frequency (percentage) for categorical variables
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serological methods for screening WNV, in serum samples 
taken from BDs who applied to the blood bank of two 
hospitals in Istanbul. We did not detect WNV IgG positivity in 
any of BDs that we included in our study.

Over the past two decades, the geographic distribution of 
WNV has significantly expanded, and considerable changes 
in its epidemiology, virulence, and host species have been 
observed. This classically self-limiting disease with mild 
symptoms is showing a change toward being an agent causing 
major epidemics with morbidity and mortality in thousands 
of human and animal cases. Therefore, surveillance for this 
infection is important to ensure a safe blood supply in the 
future (5). Several studies have been conducted in many 
countries to estimate WNV seropositivity in the donated blood 
pool. Some studies conducted around the world reported the 
incidence of WNV in BDs as 5% in Iran, 3.7% in Italy and 4.4% in 
Northern Cyprus. However, 8.2% of positives in Iran and 18.1% 
of positives in Italy were confirmed by immunofluorescence 
testing (IFA) and plaque reduction neutralization testing 
(PRNT). Additionally, 78.8% of positives in northern Cyprus 
were confirmed by PRNT (1,14,15). In studies using serum 
samples from different blood donation centers in Turkey, the 
rate of WNV IgG seroprevalence was reported as 1.0%-2.5%. 
In one study from Turkey, 2821 serum samples from BDs 
were tested. WNV IgG was positive in 0.9% of them, and 41 
of them were found to be indeterminate (16). In a similar 
study by Sahiner et al. (17) in Ankara, the capital of Turkey. 
The presence of WNV RNA in serum samples from 729 healthy 
BBs was investigated by RT-PCR. 702 BDs (96.3%) were located 
in Ankara. Five hundred ninety six (78%) of the donors had 
a high probability of contact for arboviral infections (e.g., 
outdoor activity, mosquito, and tick bites). WNV RNA was 
not detected in any serum samples (17). Similarly, in another 
study conducted at Hacettepe University Hospital in Ankara, 
1200 BD serum samples were analyzed between April and 
December 2009. As a result, the positivity rate of WNV and 
IgG, which was detected by ELISA in BDs had been found to 
be 1.6%, and half (0.8% of total) had been confirmed via the 
gold standard method, PRNT (18). Biçeroğlu et al. (19), in their 
2015 study, investigated WNV RNA by qRT-PCR and anti-WNV 
IgG by ELISA in the sera of 438 BDs from the western provinces 
of Turkey. The WNV RNA test was evaluated as negative in 
all blood samples. Eleven (2.51%) samples were positive for 
anti-WNV IgG (19). In another study conducted in 2516 BDs in 
Central Anatolia, it was found to be positive in 0.5% and was 
also confirmed by PRNT (8). The first case of WNV originating 
from Istanbul was diagnosed in 2017 at the Istanbul Faculty of 
Medicine, and the patient had meningoencephalitis associated 
with WNV (20). In our study, a significant majority of the 

donors were from Istanbul. We found WNV IgG was negative 
in all of these 552 randomly selected participants. The low 
percentages found in a significant majority of other studies on 
BD in Turkey and in our study suggest that, currently, routine 
WNV screening is not required for blood donation in Turkey.

WNV was first identified in humans in the USA in 1999 (21). 
However, in 2002, the number of WNV increased in humans. 
Later, WNV was identified in the USA, which was transmitted 
through transfusions of red cells, platelets, or fresh frozen 
plasma. This has led to 23 confirmed WNVs being recognized 
as a viruses that can be transmitted by blood and blood 
products (3,22). As such, under pressure from the Food and 
Drug Administration, WNV NAT tests for blood screening were 
developed by diagnostic kit manufacturers in the summer 
of 2003 (3). In the European Union (EU) there was a major 
outbreak of 352 neuroinvasive diseases associated with WNV 
in 1996, with 17 deaths from the disease in Romania (23). 
In the European Region; WNV infections, which resulted in 
death, continued to be seen with the same characteristics, 
despite precautions being taken. In 2010, there were 262 
cases in Greece, of which 197 were neuroinvasive. All 33 
resulted in death. All cases were confirmed for WNV (24). 
Some measures used to prevent contamination of blood 
products were to delay or restrict blood donation from 
individuals returning from other countries with human 
transmission (25). Some EU transfusion centers have decided 
to perform WNV NAT testing instead of delays or restrictions 
(3,26). World Health Organization; Apart from European 
countries, it has been reported that WNV outbreaks have 
been detected in many Eastern Mediterranean countries such 
as Turkey, Greece, Palestine, Israel and Egypt (1,3). In a study 
conducted in Turkey in July-November 2010, a study was 
conducted on individuals presenting with at least one of the 
clinical signs or symptoms such as meningitis, encephalitis, 
meningoencephalitis, myelitis of unknown cause. IgG and 
IgM antibody tests were performed to identify WNV in patient 
serum samples. As a result, 47 cases of WNV were identified, 
of which 12 were confirmed by PRNT and reported as definite 
and 35 as probable. Fourty were CNS symptoms and 7 were 
non-neuroinvasive infection cases. The overall incidence 
of WNV infections was reported as 0.19 cases per 100.000 
population (6). This case cluster was defined as an epidemic 
and WNV became one of the notifiable diseases in Turkey 
(20). Studies conducted in Turkey show that WNV infection is 
seen sporadically, and mostly the infection is asymptomatic. 
Simultaneously, it shows that WNV infection in Turkey mostly 
circulates in various regions, including central, western, 
southern and southeastern Anatolia (27).
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Studies have shown that WNV infection has an incubation 
period of 3-14 days. Patients infected with this virus may 
present with simple nausea, vomiting, headache and fever, and 
this constitutes only 20% of infected individuals. Additionally, 
80% of WNV infections may develop asymptomatically (3). 
Finally, in 1% of patients, especially the elderly and those with 
suppressed immune systems, it causes neurological disease 
with a fatality rate of approximately 10% and high morbidity 
(2,28). Neurological disease may manifest with severe 
symptoms such as viral encephalitis, meningitis, seizures and 
long-term sequelae such as altered mental status, lethargy, 
cranial nerve palsy, acute flaccid paralysis, and movement 
disorders (3,29). The early stages of WNV infection have been 
described in detail. During this period, it can be transmitted 
through infected donors through blood and blood products. 
It is therefore important to develop algorithms to screen and 
confirm infected donors, to decide when it is safe for such 
donors to continue donating blood and to assess the risk of 
transfusion (30). Serological tests (IgM, IgG and IgG avidity by 
ELISA method) are most commonly used when identifying 
WNV infections in humans. However, this infection can 
also be detected using methods such as IFA, PRNT, rRT-PCR, 
immunohistochemistry, and virus isolation from cultured cells 
(1). Because of short duration of viremia (1-11 days), low level 
of circulating virus (usually <100 pfu/mL), and late appearance 
of clinical symptoms, the main method for diagnosing active 
WNV infection is the detection of specific IgM antibodies in 
serum or cerebrospinal fluid by serological tests (3,31). IgM 
antibodies appear shortly after the onset of symptoms. It can 
be caught if tested by ELISA or hemagglutination inhibition 
methods during this period. However, IgM-positive samples 
should be confirmed with PRNT, which is considered the gold 
standard diagnostic method for Flavivirus serology (32). The 
PRNT test has also been adopted by the EU WNV infection case 
definition (33). However, seropositivity should be interpreted 
with caution due to frequent cross-reactivity with other 
Flavivirus species (3). IgM cannot be detected in serum for a long 
time. therefore, it is difficult to detect in serum. Rarely, it can 
remain positive in the blood for up to 500 days after infection. 
In these situations, IgG antibody measurements can be used 
to detect false positives due to persistent IgM antibodies. 
Otherwise, it may lead to an erroneous BNW diagnosis (3,34). 
IgG avidity determination has been proposed to distinguish 
active WNV infection from persistent seropositivity at previous 
exposures. The serum of individuals who have been exposed 
to WNV for 6 months or longer demonstrates a high avidity 
for IgG antibodies (34,35). For these reasons, in our study, as 
in many similar studies (8,16,18), we used the WNV IgG test to 
evaluate BDs in terms of WNV infectivity.

Study Limitations

There were some limitations to our study. First, the small 
number of volunteers and the inclusion of BDs who applied 
to the blood centers of only 2 hospitals in Istanbul may have 
limited the generalizability of the results for the whole of 
Turkey. Secondly, the fact that only WNV IgG was used as a 
screening test in the study may have caused false negative 
results in carrier donors who were in active infection period 
and had asymptomatic disease. Although it seems like a 
limitation that PRNT, ELISA IgG avidity, RT-PCR tests and 
IFA were not performed in our study, these tests were not 
considered necessary since there were no WNV IgG-positive 
volunteers. Studies with a larger number of volunteers from 
more centers with more test diversity are necessary for precise 
assumptions about the subject.

Conclusion

In conclusion, we did not detect WNV IgG positivity in 
any of the BDs participating in our study. Since WNV is not 
endemic to Turkey, it is not seen as a risk of blood donation. 
Our data show that it is not necessary to include WNV in 
routine tests before blood donation. However, to prevent 
contamination risks, such studies must be conducted and 
repeated frequently after the emergence of sporadic diseases 
that can be transmitted by blood.

Ethics

Ethics Committee Approval: The study was initiated with 
the approval of the University of Health Sciences Turkey, 
Kanuni Sultan Suleyman Training and Research Hospital 
Ethics Committee (2020.07.136, no: KAEK/2020.07.136).

Informed Consent: Informed consent was obtained from 
each volunteer donor included in the study for infectious 
disease screening in blood products.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: K.Z.Ş., N.G., N.C., Concept: 
K.Z.Ş., N.C., Design: K.Z.Ş., N.G., Data Collection or Processing: 
K.Z.Ş., N.G., N.C., Analysis or Interpretation: K.Z.Ş., N.G., 
Literature Search: K.Z.Ş., N.G., Writing: K.Z.Ş.

Conflict of Interest: No conflict of interest was declared by 
the authors.

Financial Disclosure: The authors declared that this study 
received no financial support.



102 Ziyaretli Şanlı et al. West Nile Virus in Turkish Blood Donors

Cam and Sakura Med J 2022;2(3):97-102

1. Balaman N, Gazi U, Imir T, et al. Serological screening of West Nile virus 
among blood donors in northern Cyprus. J Med Virol 2020 ;92:1035-1039.

2. Dargham SR, Al-Sadeq DW, Yassine HM, et al. Seroprevalence of West Nile 
virus among healthy blood donors from different national populations 
residing in Qatar. Int J Infect Dis 2021;103:502-506.

3. Pisani G, Cristiano K, Pupella S, Liumbruno GM. West Nile virus in Europe 
and safety of blood transfusion. Transfus Med Hemother 2016;43:158-167.

4. Hayes EB, Komar N, Nasci RS, Montgomery SP, O’Leary DR, Campbell 
GL. Epidemiology and transmission dynamics of West Nile virus disease. 
Emerg Infect Dis 2005;11:1167-1173.

5. Aghaie A, Aaskov J, Chinikar S, Niedrig M, Banazadeh S, Mohammadpour 
HK. Frequency of West Nile virus infection in Iranian blood donors. 
Indian J Hematol Blood Transfus 2016;32:343-346.

6. Kalaycioglu H, Korukluoglu G, Ozkul A, et al. Emergence of West 
Nile virus infections in humans in Turkey, 2010 to 2011. Euro Surveill 
2012;17:20182.

7. Ergunay K, Ozer N, Us D, et al. Seroprevalence of West Nile virus and 
tick-borne encephalitis virus in southeastern Turkey: first evidence 
for tick-borne encephalitis virus infections. Vector Borne Zoonotic Dis 
2007;7:157-161.

8. Ergunay K, Saygan MB, Aydoğan S, et al. West Nile virus seroprevalence 
in blood donors from Central Anatolia, Turkey. Vector Borne Zoonotic Dis 
2010;10:771-775.

9. Lustig Y, Sofer D, Bucris ED, Mendelson E. Surveillance and diagnosis of 
west nile virus in the face of flavivirus cross-reactivity. Front Microbiol 
2018;9:2421.

10. Fesce E, Marini G, Rosà R, et al. Understanding West Nile virus spread: 
mathematical modelling to determine the mechanisms with the most 
influence on infection dynamics. bioRxiv 2022.

11. Papa A, Politis C, Tsoukala A, et al. West Nile virus lineage 2 from blood 
donor, Greece. Emerg Infect Dis 2012;18:688-689.

12. Ari A. The prevalence and ecology of arboviruses in Turkey. Turk Hij Tecr 
Biyol Derg (1961) 1972;32:134-143.

13. Meço O. West Nile arbovirus antibodies with hemagglutination inhibition 
(HI) in residents of Southeast Anatolia. Mikrobiyol Bul 1977;11:3-17.

14. Sharifi Z, Mahmoodian Shooshtari M, Talebian A. A study of West Nile 
virus infection in Iranian blood donors. Arch Iran Med 2010;13:1-4.

15. Pezzotti P, Piovesan C, Barzon L, et al. Prevalence of IgM and IgG 
antibodies to West Nile virus among blood donors in an affected area of 
north-eastern Italy, summer 2009. Euro Surveill 2011;16:19814.

16. Hızel K, Yenicesu I, Erdal B, et al. Investigation of West Nile virus 
seroprevalence in healthy blood donors. Mikrobiyol Bul 2010;44:425-
430.

17. Sahiner F, Avcı IY, Bedir O, et al. Investigation of West Nile virus RNA in 
blood donors by real-time RT-PCR. Mikrobiyol Bul 2012;46:464-469.

18. Ayturan S, Aydoğan S, Ergünay K, Ozcebe OI, Us D. Investigation of 
West Nile virus seroprevalence in Hacettepe University Hospital blood 
donors and confirmation of the positive results by plaque reduction 
neutralization test. Mikrobiyol Bul 2011;45:113-124.

19. Biçeroğlu SU, Karatayli E, Bayram A, et al. Investigation of West Nile virus 
among healthy blood donors in the western part of Turkey. Turk J Med 
Sci 2015;45:84-88.

20. Batı Nil Virüsü İnfeksiyonları Hakkında Sağlık Çalışanlarına Yönelik Bilgi 
Notu. Available from: https://www.klimik.org.tr/2019/07/26/80897/

21. Lanciotti RS, Roehrig JT, Deubel V, et al. Origin of the West Nile virus 
responsible for an outbreak of encephalitis in the northeastern United 
States. Science 1999;286:2333-2337.

22. Centers for Disease Control and Prevention (CDC). Update: West Nile virus 
screening of blood donations and transfusion-associated transmission--
United States, 2003. MMWR Morb Mortal Wkly Rep 2004;53:281-284.

23. Tsai TF, Popovici F, Cernescu C, Campbell GL, Nedelcu NI. West Nile 
encephalitis epidemic in southeastern Romania. Lancet 1998;352:767-
771.

24. Danis K, Papa A, Theocharopoulos G, et al. Outbreak of West Nile virus 
infection in Greece, 2010. Emerg Infect Dis 2011;17:1868-1872.

25. Paul-Ehrlich-Institut: Bekanntmachung über die Zulassung von 
Arzneimitteln – Abwehr von Arzneimittelrisiken Stufe II – Änderung 
des Bescheides über die Anordnung des Ausschlusses von Blutspendern 
zur Verhinderung einer möglichen Übertragung des WestNil-Virus 
durch nicht pathogen-inaktivierte Blutkomponenten. Bundesanzeiger 
07.03.2014 B.

26. Dreier J, Vollmer T, Hinse D, Heuser EJ, Pisani G, Knabbe C. Implementation 
of NAT screening for West Nile virus and experience with seasonal testing 
in Germany. Transfus Med Hemothe 2016;43:28-36.

27. Ergunay K, Whitehouse CA, Ozkul A. Current status of human arboviral 
diseases in Turkey. Vector Borne Zoonotic Dis 2011;11:731-741.

28. Petersen LR, Brault AC, Nasci RS. West Nile virus: review of the literature. 
JAMA 2013;310:308-315.

29. Pradier S, Lecollinet S, Leblond A. West Nile virus epidemiology and 
factors triggering change in its distribution in Europe. Rev Sci Tech 
2012;31:829-844.

30. Busch MP, Kleinman SH, Tobler LH, et al. Virus and antibody dynamics in 
acute West Nile virus infection. J Infect Dis 2008;198:984-993.

31. Niedrig M, Sonnenberg K, Steinhagen K, Paweska JT. Comparison of ELISA 
and immunoassays for measurement of IgG and IgM antibody to West 
Nile virus in human sera against virus neutralisation. J Virol Methods 
2007;139:103-105.

32. Sanchini A, Donoso-Mantke O, Papa A, Sambri V, Teichmann A, Niedrig 
M. Second international diagnostic accuracy study for the serological 
detection of West Nile virus infection. PLoS Negl Trop Dis 2013;7:e2184.

33. European Commission: commission implementing decision of August 
8, 2012 amending decision 2002/253/EC laying down case definitions 
for reporting communicable diseases to the community network under 
decision no 2119/98/EC of the European Parliament and of the Council. 
Official Journal of the European Union 2012:L262:1-57.

34. Prince HE, Tobler LH, Yeh C, Gefter N, Custer B, Busch MP. Persistence of 
West Nile virus-specific antibodies in viremic blood donors. Clin Vaccine 
Immunol 2007;14:1228-1230.

35. Levett PN, Sonnenberg K, Sidaway F, et al. Use of immunoglobulin G 
avidity assays for differentiation of primary from previous infections with 
West Nile virus. J Clin Microbiol 2005;43:5873-5875.

REFERENCES


