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We present the findings of a six-year surveillance 
period (2005–2010) of human West Nile virus (WNV) 
infection in Tel Aviv district, Israel. Initial notifica-
tions of positively identified patients received from 
the Central Virology Laboratory were followed by epi-
demiological investigations of the local district health 
office. During 2005–2010, 104 patients, 79 with WNV 
neuroinvasive and 25 with WNV non-neuroinvasive 
disease were reported. The median age of the patients 
with a neuroinvasive disease was 74 years (range: 15 
to 95 years) and 53 of such patients had encephalitis, 
14 had acute flaccid paralysis, and 12 had meningitis. 
The case-fatality rate in these patients was 8%. The 
average annual incidence of neuroinvasive disease 
during 2005–2010 was 1.08 per 100,000 population. 
The incidence declined by 86% steadily between 2005 
and 2009 (p for trend=0.005), but increased by more 
than six-fold in 2010. Elderly (≥65 years) men, compris-
ing 25 patients of whom 24 were chronically-ill, had 
the highest incidence of WNV encephalitis (p<0.001). 
These findings are concordant with previous data, at 
the national level, published in Israel and the United 
States. Notably, the percentage of previously healthy 
patients, who developed a neuroinvasive disease was 
the highest (37%, p=0.001) in the surveillance period 
in 2010.

Introduction
West Nile virus (WNV) is a mosquito-borne arbovirus 
of the family Flaviviridae. Numerous avian species 
serve as the amplifying hosts. These include, migra-
tory birds, such as the white storks which travel across 
Israel each autumn, as well as urban species, such as 
the common house sparrows. Transmission to humans 
mainly occurs by mosquito vectors, principally by mos-
quitoes of the genus Culex, during their active period, 
usually between mid-summer and early autumn. WNV 
has rapidly expanded in both the eastern and western 
hemispheres in the past two decades [1,2].

Human West Nile fever, caused by laboratory-con-
firmed WNV infection, was reported in Israel for the 

first time in the early 1950s, with several outbreaks 
in that decade, and an additional outbreak in 1980 
[3]. The largest outbreak (439 serologically-confirmed 
cases with 29 deaths) of human WNV infection in Israel 
occurred in 2000, with a 73% rate of neuroinvasive dis-
ease in hospitalised patients [3,4]. Following this out-
break, a national surveillance system was established 
for humans and mosquitoes [5] and since 2001 WNV 
infection is notifiable in Israel. The surveillance sys-
tem detects new cases of human WNV infections and 
characterises viral genotypes. The system is based on 
initial notifications of probable or confirmed cases of 
WNV infection by the Central Virology Laboratory (CVL) 
and on the subsequent epidemiological investigations 
of these patients by the local district health offices.

This report summarises a six-year period (2005–2010) 
of human WNV surveillance in the Tel Aviv district. 
This most densely populated urban district of Israel 
included 7,425 residents per square kilometre at the 
end of 2009, according to the Israel Central Bureau of 
Statistics [6].

Methods

Epidemiological investigation
The Tel Aviv District Health Office routinely receives 
notifications from the CVL about probable or con-
firmed cases of WNV infection in patients who are resi-
dents of the district. The local health office initiates 
an epidemiological investigation by collecting avail-
able information on the patients and by using a stand-
ard national-based questionnaire. For hospitalised 
patients, information is gathered from the patients’ 
hospital records, and by conducting an interview with 
the patient or with a close family member, in order 
to obtain information regarding risk factors for WNV 
infection such as occupation, residence or travel near 
water bodies, recent exposure to mosquitoes, migra-
tory birds and domestic fowl. For non-hospitalised 
patients, another source of information, in addition to 
the patient’s interview, is usually the family physician. 
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The gathered demographic, clinical, laboratory and 
epidemiological data are reported to the Division of 
Epidemiology, Ministry of Health, Jerusalem.

Laboratory analysis
During the study period, the CVL used a combination of 
serology assays comprising in-house synchronised IgM-
capture (until August 2007), indirect IgG, and indirect 
IgG avidity ELISAs [4], and from September 2007, the 
IgM InBios commercial kit (West Nile Detect IgM Capture 
ELISA, Seattle, Washington, USA) [7]. Results were inter-
preted according to the manufacturer’s instructions. IgM 
and IgG tests were conducted simultaneously. The avid-
ity IgG test was performed on single samples with IgM 
and IgG positive results. Unresolved cases were further 
tested by virus neutralisation assay [8].

Case definition
The following official national laboratory criteria of 
WNV infection are used by the CVL to define probable 
and confirmed cases.

• A confirmed case is defined as having at least one of 
the following criteria: (i) Serological conversion or at 
least two-fold increase in ELISA test results of IgM anti-
bodies and/or IgG antibodies levels [4,7] in blood or in 
cerebrospinal fluid (CSF), in paired samples taken at 
least seven days apart; (ii) IgM antibodies level higher 
than IgG antibodies level and also IgG avidity lower 
than 30% in one blood sample; (iii) At least ten-fold 
higher optical density (OD) of IgM antibodies in CSF in 
one sample, compared to a reference cut-off level; (iv) 
Positive result of West Nile viral RNA in CSF, body fluids 
or body tissues, by real-time RT-PCR assays detecting 
WNV lineages 1 and 2 [8-10].

• A probable case is defined as detection of WNV 
IgM antibodies, without detection of IgG antibodies, 
in one blood or CSF sample or the lack of increase in 
IgM antibodies, without the presence of IgG antibod-
ies, between paired samples of blood collected one to 
seven days apart.

The data in this report were summarised and analysed 
from the district health office’s files of individual 
patients who had an onset of laboratory-confirmed 
or probable WNV infection, between 1 January 2005 
and 31 December 2010. No clinical criteria were used, 
in addition to the laboratory criteria, for the case 
definition.

Clinical criteria
The term ‘neuroinvasive disease’ as used in our analy-
sis refers to WNV-associated diagnoses of encephali-
tis, meningoencephalitis, meningitis and acute flaccid 
paralysis (AFP). The clinical definitions of encephali-
tis, meningitis and AFP, were adopted from previously 
described definitions [11]. Patients who have had a 
combined clinical picture of encephalitis and men-
ingitis, hence, meningoencephalitis, were classified 
as having encephalitis, as in previous reports [12,13]. 

Also, any presentation of AFP combined with other ill-
ness (i.e. encephalitis) was classified as AFP only [12].

We assumed that in non-neuroinvasive patients, there 
would be a high level of cohort incompleteness due 
to lack of serological testing and therefore, lack of 
WNV diagnosis. These patients largely present with a 
mild nonspecific illness, which is often not followed 
by seeking medical care [14]. Thus, this report mainly 
analyses the cohort of WNV neuroinvasive disease 
patients who usually require diagnosis and treatment 
within a hospital setting, and therefore, this cohort is 
more likely to be complete.

Patients were also classified as to whether they had a 
pre-existing chronic medical condition, which was fur-
ther classified as to whether it was an immunocompro-
mised state. Any chronic medical condition, excluding 
psychiatric conditions, was included.

We abstracted these data, post hoc, at the information 
summary stage of the study from written medical diag-
noses in patients’ hospital records, where available.

Statistical analysis
For the purpose of p value calculations, we used the 
exact two-tailed Mann-Whitney U test in case of mean 
age differences, and not the Student’s t-test, because 
of the small sample size. For the same reason, we used 
two-tailed Fisher’s exact test in case of categorical 
data and Spearman’s rank correlation coefficient for 
the trend of incidence. Also, the chi-square test with 
Yates’ correction was used for testing differences in the 
average annual incidence between certain subgroups. 
A two-tailed p value inferior to 0.05 was considered 
significant. Statistical analyses were performed using 
SPSS version 15.0 software (Chicago, Illinois, USA).

The annual average population estimates for the years 
2005–2009, used as denominators for incidence cal-
culations, were taken from the Israel Central Bureau 
of Statistics. The annual average population estimate 
for 2010 was based on an estimated annual popula-
tion growth rate of 1.725%, which was derived from the 
average population growth rate during 2005–2009.

Results
Between 1 January 2005 and 31 December 2010, 104 
confirmed or probable cases of WNV infection were 
reported in the Tel Aviv district. Of these 104 cases, 94 
(90%) had an onset of illness in the period from July to 
the end of October (Figure 1). Eighteen of the 23 (78%) 
neuroinvasive and non-neuroinvasive cases in 2010, 
and 18 of the 25 (72%) cases in 2005, occurred in July 
and August, compared to the occurrence of only 16 of 
the 56 (29%) cases in the years 2006–2009 combined 
during the same period.

Seventy-nine patients have had a neuroinvasive dis-
ease (Table), all of whom were hospitalised: 53 (67%) 
had encephalitis, 12 (15%) had meningitis and 14 (18%) 
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had AFP, of whom two patients had Guillain–Barré syn-
drome. The median age of all patients with a neuroin-
vasive disease was 74 years (range: 15 to 95 years) and 
51 (65%) of these patients were aged 65 years or older. 
Fourty (51%) of these patients were males.

Of 79 patients with neuroinvasive disease, 25 (32%) 
were elderly men (≥65 years), of whom 24 were chroni-
cally-ill. Similarly, 26 (33%) elderly women including 25 
chronically-ill were part of the 79 patients presenting 
with neuroinvasive disease.

Patients with encephalitis had a significantly higher 
mean age than patients with meningitis and AFP (74 
years; 95% confidence interval (CI): 70–78 years vs 59 
years; 95% CI: 51–67 years, p=0.02). The mean age of 
patients with meningitis was significantly lower than 
the mean age of patients with encephalitis and AFP (47 
years; 95% CI: 35–60 years vs 73 years; 95% CI: 69–76 
years, p<0.001).

Of all 79 patients with a neuroinvasive disease, 69 
(87%) had a pre-existing chronic medical condition. 

The group of patients with meningitis had a sig-
nificantly lower percentage of chronic illness when 
compared to the group of patients with encephalitis 
(8/12, 67%; 95% CI: 35%-90% vs 49/53, 92%; 95% 
CI: 82%-98%, respectively, p=0.03). The percentage 
of patients with a pre-existing chronic medical condi-
tion was significantly lower in 2010, when compared 
to the period between 2005 and 2009 (12/19, 63%; 
95% CI: 38%–84% vs 57/60, 95%; 95% CI: 86%–99%, 
p=0.001).

The case-fatality rate (CFR) of patients with a neuroin-
vasive disease was six of 79 (8%). The patients who 
died were older than 74 years of age, five of six were 
females, five of six had a pre-existing chronic medi-
cal condition, and four of six had a diagnosis of WNV 
encephalitis.

During the surveillance period, the annual percentage 
of patients with encephalitis, meningitis or AFP ranged 
between 55% and 90%, 0% and 25%, and, 10% and 
33%, respectively (Figure 2).

Table
Characteristics of cases of human West Nile virus neuroinvasive disease by clinical diagnosis, Tel Aviv district, Israel, 
2005–2010 (n=79) 

Characteristic Encephalitis Meningitis AFP Total

  (n=53) (n=12) (n=14) (n=79)

Median age, years (range)  75 (38-95) 45 (15-79) 77 (41-95) 74 (15-95)

Male sex (%) 26 (49) 6 (50) 8 (57) 40 (51)

Deaths (%) 4 (8) 1 (8) 1 (7) 6 (8)

Immunocompromised (%) 5 (9) 0 (0) 1 (7) 6 (8)

Any chronic medical conditiona (%) 49 (92) 8 (67) 12 (86) 69 (87)

AFP: acute flaccid paralysis.
a Most commonly included was a history of one or more illnesses such as essential hypertension, hyperlipidemia, and/or diabetes mellitus.

Figure 1
Human West Nile virus infection confirmed and probable 
cases, by month of illness onset, 2005–2010, Tel Aviv 
district, Israel (n=104) 

Human West Nile virus infection confirmed and probable cases 
include 79 cases of neuroinvasive disease and 25 cases of non-
neuroinvasive disease.
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Figure 2
Percentage of patients with West Nile virus neuroinvasive 
disease, by year and clinical diagnosis, Tel Aviv district, 
Israel, 2005–2010 (n=79) 

AFP: acute flaccid paralysis.
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The average annual incidence of neuroinvasive disease 
between 2005 and 2010 was 1.08 per 100,000 popula-
tion (Figure 3). The incidence of neuroinvasive disease 
declined significantly, between 2005 and 2009, from 
1.69 to 0.24 per 100,000 population (an 86% decrease, 
rs=-0.97, p for trend=0.005), but increased more than 
six-fold in 2010, to 1.47 per 100,000 population, com-
pared to the previous year. The change in trend, dur-
ing 2005–2010, of the WNV-associated central nervous 
system diagnoses (encephalitis and meningitis) was 
similar to the trend of the WNV-associated peripheral 
nervous system illness (AFP).

The average annual incidence of neuroinvasive dis-
ease, by age, between 2005 and 2010 (Figure 4) dem-
onstrated a peak in incidence among patients aged 75 
years or older (7.03 per 100,000 population), while no 
patients aged less than 15 years were reported. The 
peak of the average annual incidence of encephali-
tis and of AFP was in patients aged 75 years or older 

(5.18 and 1.48 per 100,000 population, respectively) 
(Figure 5).

The average annual incidence of neuroinvasive disease 
had a similar pattern among men and women (Figure 6) 
with the exception that the incidence in male patients 
aged 65–74 years, was almost three-fold higher than 
in female patients of the same age group (4.11 per 
100,000 population vs 1.41 per 100,000 population, 
respectively). The latter difference could not be con-
firmed with statistical significance, but this could be 
due to the small number of cases in each of the male 
and female subgroups.

During the surveillance period, elderly men (≥65 years) 
had the highest average annual incidence of WNV 
encephalitis in the cohort, and it was significantly 
higher than the rest of the patients with encephali-
tis, aged between 35 and 64 years (4.54 per 100,000 
population vs 1.19 per 100,000 population, p<0.001). 

Figure 3
Annual incidence of human West Nile virus neuroinvasive 
disease by year and clinical diagnosis, Tel Aviv district, 
Israel, 2005–2010 

AFP: acute flaccid paralysis; CNS: central nervous system group of 
diagnoses.
a The CNS group of diagnoses includes encephalitis and meningitis.
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Figure 4
Average annual incidence of human West Nile virus 
neuroinvasive disease by age group, Tel Aviv district, 
Israel, 2005–2010 

Average annual incidence is calculated using Israel Central Bureau of 
Statistics average population estimates of Tel Aviv district for 2008.
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Figure 5
Average annual incidence of human West Nile virus 
neuroinvasive disease by age group and clinical diagnosis, 
Tel Aviv district, Israel, 2005–2010 

AFP: acute flaccid paralysis.
Average annual incidence is calculated using Israel Central Bureau of 
Statistics average population estimates of Tel Aviv district for 2008.
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Figure 6
Average annual incidence of human West Nile virus 
neuroinvasive disease by age group and sex, Tel Aviv 
district, Israel, 2005–2010 

Average annual incidence is calculated using Israel Central Bureau of 
Statistics average population estimates of Tel Aviv district for 2008.
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Similarly, male patients aged 75 years or older had the 
highest average annual incidence of encephalitis or 
AFP in the cohort during the surveillance period, which 
was significantly higher than the rest of the patients, 
aged between 35 and 74 years, with encephalitis (5.42 
per 100,000 population vs 1.46 per 100,000 popula-
tion, p<0.001) or AFP (1.81 per 100,000 population and 
0.33 per 100,000 population, p=0.004). In contrast, 
female patients aged 75 years or older had the highest 
average annual incidence of meningitis, but it was not 
significantly higher than the rest of the patients with 
meningitis, aged between 15 and 74 years (0.62 per 
100,000 population vs 0.17 per 100,000 population, 
p=0.3).

Discussion
The data that were summarised and analysed in this 
study reflect a six-year period of WNV surveillance 
in Tel Aviv district. After several years of successive 
declines in WNV neuroinvasive disease, its incidence 
increased sharply in 2010.

We observed, as previously reported by Lindsey et al. 
[12], a higher incidence of encephalitis in elderly male 
patients during our surveillance period. These patients 
were also chronically ill, which may serve as an inde-
pendent risk factor for WNV neuroinvasive disease [15]. 
However, five of the six fatalities in the observation 
period were female patients.

Two-thirds of the patients with a neuroinvasive disease 
had encephalitis (53/79, 67%), followed by patients 
with AFP (14/79, 18%). Of those latter 14 patients 
with AFP, four were diagnosed in 2010 alone. WNV-
associated AFP was hardly observed during the large 
outbreak of 2000 in Israel: 98% of 233 hospitalised 
patients were diagnosed as having West Nile fever, 
encephalitis or meningitis but not AFP, which was 
reported as myelitis by Chowers et al. [13].

In our series, patients with meningitis were signifi-
cantly younger than patients with other forms of neu-
roinvasive disease. This age discrepancy was described 
previously by Lindsey et al. [12].

Our reported CFR for the patients with neuroinvasive 
disease (6/79, 8%), who were all hospitalised, was 
similar to the overall CFR in Israel during the outbreak 
in 2000 (29/439, 7%) [4]. The CFR in our study was 
however half the CFR of hospitalised patients (33/233, 
14%), for whom data were obtained in 2000 [13]. Our 
reported CFR was also similar to that in the United 
States (US), which was 9% of the patients with a neu-
roinvasive disease during 1999–2008, most of whom 
were hospitalised [12].

Remarkably, the highest percentage of WNV neuroin-
vasive disease occurring in previously healthy patients 
was observed in 2010, when compared to the period 
between 2005 and 2009 (7/19, 37% vs 3/60, 5%, 
p=0.001).

In our series, meningitis affected patients who were 
significantly younger on average than patients with 
other forms of neuroinvasive disease. The year 2010 
did not appear to present an exception, although the 
total number of cases was small (39 years on aver-
age (n=3) for patients with meningitis vs 47 years in 
all years of the surveillance period (n=12)). Because 
of their younger age, patients with WNV meningitis 
would be less likely to have underlying medical con-
ditions. Therefore, we examined whether the overall 
increase of previously healthy patients presenting with 
WNV neuroinvasive disease in 2010 could have been 
due to an increase in the number of patients with WNV 
meningitis in that year; however, of the patients with 
a neuroinvasive disease in 2010, only three of 19 had 
meningitis, which was well within the range of annu-
ally reported cases of WNV meningitis in the district, 
between 2005 and 2009 (0/10 in 2007 and 0/3 in 2009 
up to 5/20 in 2005).

We also verified if the number of previously healthy 
patients presenting with a neuroinvasive disease had 
increased in other years than 2010, such as in 2005, 
in which a peak in the proportion of meningitis was 
observed (5/20). There was, however, no lower propor-
tion of chronically-ill patients (17/20) in that year.

Additionally, to our knowledge, there was no change 
in the surveillance practice over the study time period 
that could account for the highest percentage of previ-
ously healthy patients presenting with WNV neuroinva-
sive disease observed in 2010.

In the years following the major national outbreak of 
WNV infection in 2000, various strains of WNV lineage 
1 predominated in Israel either in isolated foci or in the 
entire country [16]. Representative Israeli WNV genomic 
sequences of viruses isolated from mosquitoes and 
humans between 2000 and 2009 were deposited in the 
GenBank/EMBL/DDBJ database under accession num-
bers GU246634–GU246714 and HM152773–HM152780, 
respectively.

The emergence of new viral genotypes simultaneously 
with higher number of human cases was observed in 
Israel in 2000, 2005, and 2007 [16]. Particularly, in 
2005, an increased nationwide WNV activity, with 102 
laboratory-confirmed human patients [16] of whom 
20% were from the Tel Aviv district, which was a part 
of the epicentre, was reported [17]. Molecular analysis 
of human and mosquito isolates revealed a genotype 
most similar to the one that was isolated in the equine 
WNV outbreak in Morocco in 2003 [18], and which had 
not been isolated previously from humans or mosqui-
toes in Israel [17].

Notably, 2005 and 2010 shared some epidemiological 
similarities, as we observed in the district: both years 
had a similar incidence of WNV neuroinvasive disease, 
higher than the other years of surveillance, includ-
ing a higher incidence of AFP, which is a long-term 
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complication of considerable morbidity and mortal-
ity [19,20]. In addition, the majority of WNV infection 
cases in both years had occurred early, already in July 
and August, compared to later months of occurrence, 
in the other years.

One possible explanation to the increased incidence 
of morbidity observed in 2010, which was also accom-
panied by a higher fraction than before of previously 
healthy patients could be the recent emergence of 
another WNV strain or variant, as in 2005. A genotype 
characterisation of the 2010 WNV strain is however not 
available to date.

Another explanation for the 2010 epidemiological char-
acteristics could be the early arrival of an extremely 
hot summer, already in May. This might have contrib-
uted to the early peak of WNV season in 2010, in the 
district. The period of May–July 2010 was warmer than 
the perennial average of the years 1981–2000 [21-23]. 
In addition, August 2010 was the warmest measured 
month in Israel [24,25].

The summer of 2010 was extremely hot also in areas, 
which usually have a temperate climate, such as north-
ern Greece and Romania. A human WNV outbreak 
emerged in northern Greece for the first time, early 
in July 2010 [26]. An additional noticeable outbreak, 
which also began in early July 2010, was reported in 
Romania, where a neuroinvasive lineage 2 WNV strain 
was detected for the first time [27]. Whether there is a 
possible association between recent climatic extremes 
in the region, WNV activity, and its mosquito vectors 
should be extensively studied.

Conclusions
We report on the epidemiological and clinical charac-
teristics of human WNV infection in the Tel Aviv district 
between 2005 and 2010. As such, it may be limited in 
time, place and person. Nevertheless, our main body 
of findings, such as the patients’ characteristics, was 
concordant with previous data, at the national level, 
published in Israel and the US.

Any successful WNV surveillance system should inte-
grate and maintain both epidemiological and labo-
ratory capabilities for prolonged periods of time, 
particularly in endemic and densely populated areas, 
such as the Tel Aviv district.
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