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Arboviruses are transmitted by arthropods.
Humans become infected through the bites of
blood-sucking insects such as mosquitoes, ticks,
and certain flies. The geographic distribution of
the viruses varies with the presence and density
of the appropriate vector. In Jordan, there have
been no previous studies of arboviral infections
and no clinical reports of the existence of such
infections. We report the findings of a serosurvey
of West Nile, sandfly Sicilian, sandfly Naples,
and Rift Valley viruses. The study area has an
abundance of Culex pipiens mosquitoes, which
breed in the effluent channel of a nearby
wastewater treatment plant (1). The presence
of the above viruses in neighboring countries
and the abundance of their vectors in the study
area were the reasons the viruses were selected
for this study.

Methods

Study site
Hashimiah (32°7'N and 36°6'E) is a town of

approximately 30,000 inhabitants in close
proximity to a wastewater treatment plant and
its effluent channel. The plant uses stabilization
ponds, which receive more than double the
amount of wastewater they were designed to
treat. This overload results in insufficient
treatment and poor-quality effluent. The effluent
channel has many areas with excessive vegeta-
tion and stagnant water. Local residents have
reported high mosquito and sandfly density and
bad odor in the area. A baseline health
assessment was undertaken as part of a
comprehensive effort to solve the problem.

Study population
A total of 501 persons ≥5 years of age who

attended the local health center from June 20 to
July 30, 1998, were invited to participate. Of
those, 261 (52%) agreed to undergo all the study
procedures, including giving a blood sample.
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We conducted a serosurvey among patients of a health center in Hashimiah, a
Jordanian town of 30,000 inhabitants located near a wastewater treatment plant and its
effluent channel. Serum samples from 261 patients ≥5 years of age were assessed for
immunoglobulin G (IgG) and IgM antibodies against West Nile, sandfly Sicilian, sandfly
Naples, and Rift Valley viruses; the seroprevalence of IgG antibodies was 8%, 47%,
30%, and 0%, respectively. Female participants were more likely to have been infected
than male. Persons living within 2 km of the treatment plant were more likely to have
been infected with West Nile (p=0.016) and sandfly Sicilian (p=0.010) viruses. Raising
domestic animals within the house was a risk factor for sandfly Sicilian (p=0.003) but not
for sandfly Naples virus (p=0.148). All serum samples were negative for IgM antibodies
against the tested viruses. Our study is the first documentation of West Nile and sandfly
viruses in Jordan and calls attention to the possible health hazards of living close to
wastewater treatment plants and their effluent channels.
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Table 1. Seropositivity of immunoglobulin G antibodies
against West Nile virus, Jordan, 1998

Seropositivity
Variable Total N (%)   p
Total 261 21 (8.0)
Sex 0.202

Male   75   3 (4)
Female 186 18 (9.7)

Age 0.920
    5-9 years   14   1 (  7.1)
  10-29 years 158 12 (  7.6)
 ≥30 years   89   8 (  9.0)

Monthly family 0.284
 income

<100 JDa   76   9 (11.8)
  100-249 JD 156 11 (  7.1)
≥250 JD   29   1 (  3.5)

Presence of 0.578
 domestic animals

In house   86   9 (10.5)
Near house   24   2 (  8.3)
None 151 10 (  6.6)

Distance from plant 0.016
Residence 115 15 (13.0)
  within 2 km
More than 146   5 (  4.1)
  2 km

Presence of mosquito 0.660
 bites on exam

Yes 156 14 (  9.0)
No 105   7 (  6.7)

aJD = Jordanian dinars.

Children <5 years of age were excluded because
of the technical difficulties of drawing blood
samples and obtaining their guardians’ consents.

Data collection
Each participant was interviewed by use of a

structured questionnaire, including questions
about sociodemographic and other variables
related to exposure to mosquitoes and domestic
animals, and had a general physical examination
focusing on pest-related problems. A 10-mL venous
blood sample, obtained from each participant, was
separated within 3 hours of collection and stored
in an ice bag at -20°C until transported to Cairo,
Egypt, for final laboratory analysis.

Samples were tested in U.S. Naval Medical
Research Unit No 3 (NAMRU-3) laboratories. An
enzyme-linked immunosorbent assay (ELISA)
was performed for immunoglobulin G (IgG) and
IgM antibodies against West Nile, sandfly
Sicilian, sandfly Naples, and Rift Valley viruses.
The West Nile strain was EG101, which was
passed in mice (14 times) and in Vero cells (3
times). The two sandfly viruses were Sabin
strain. Sicilian virus was passed in mice (37
times) and in Vero cells (4 times); Naples virus
was passed in mice (49 times) and in Vero cells
(4 times). The Rift Valley strain was ZH-501,
which was passed in mice (6 times), in E-6 cells
(once), and in Vero cells (3 times). A standard
direct IgG ELISA was used for virus antigens.
An IgM-capture assay employing anti-human
IgM (Kirkegaard & Perry Laboratories, Inc.,
Gaithersburg, MD, USA) was used for the IgM
assays. The viruses were grown in tissue cultures.
At approximately 50% cytopathic effect, the viral
proteins were extracted with Triton X (1%).
These virus lysates were used for both IgG and
IgM ELISAs. ELISAs for IgG used 96-well plates
coated with antigens (viral infected and
uninfected Vero cells) extracted with 1% Triton X
(Sigma T-9284). Serum samples were added to
the plates, and bound antibodies were detected
by using goat anti-human IgG conjugated to
horseradish peroxidase and detected with ABTS
(2,2'-Azinopis [3-ethylbenzothiazoline-6-sulphonic
acid], diammonium salt) substrate. For IgM, goat
anti-human IgM antibodies were absorbed to
ELISA plates and used to capture the patient’s
serum IgM. Anti-virus-specific IgM was detected
by using the antigens and hyperimmune mouse
serum. The antigen-antibody complexes were
detected using goat anti-mouse IgG-horseradish

peroxidase and ABTS substrate. All conjugates,
capture IgM antibodies, and ABTS were from
Kirkegaard & Perry.

Ethical Considerations
The study was undertaken in response to

public concerns regarding potential health hazards
of the wastewater treatment plant and its
effluent channel on neighboring residents. The
study protocol was approved by the Jordanian
Ministry of Health. Verbal consent was obtained
from all participants or their legal guardians. All
identifying information was kept confidential.

Data Management and Statistical Analysis
Data entry and analysis used Epi-Info,

version 6 software (2). Seropositivity was
determined by a number of variables. Observed
differences were assessed for statistical signifi-
cance by chi-square, corrected for continuity.

Results

West Nile Virus
Approximately 8% of the study participants

had evidence of past infection with West Nile
virus (Table 1). Although information on travel
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Table 2.  Seropositivity of immunoglobulin G antibodies
against sandfly Sicilian virus, Jordan, 1998

Seropositivity
Variable Total N (%) p
Total 261 123 (47.1)
Sex 0.003

Male   75   24 (32.0)
Female 186   99 (53.2)

Age 0.284
<10 years   14     6 (42.9)
  10-29 158   69 (43.7)
≥30   89   48 (53.9)

Monthly family 0.277
  income

<100 JDa   76   41 (53.9)
  100-249 JD 156   71 (45.5)
≥250 JD   29   11 (37.9)

Presence of 0.003
  domestic animals

In house   86   53 (61.6)
Near house   24     8 (33.3)
None 151   62 (41.1)

Distance from plant 0.010
Residence 115   65 (56.5)
   within 2 km
More than 146   58 (39.7)
   2 km

Presence of mosquito 0.804
  bites on exam

Yes 156   75 (48.1)
No 105   48 (45.7)

aJD = Jordanian dinars.

Table 3. Seropositivity of immunoglobulin G antibodies
against sandfly Naples virus, Jordan, 1998

Seropositivity
Variable Total N (%) p

Total 261 77 (29.5)
Sex 0.165

Male   75 17 (22.7)
Female 186 60 (32.3)

Age 0.007
<10 years   14   1 (  7.1)
10-29 158 40 (25.3)
≥30   89 36 (40.4)

Monthly family 0.68
  income

<100 JDa   76 24 (31.6)
199-249 JD 156 43 (27.6)
≥250 JD   29 10 (34.5)

Presence of 0.148
  domestic animals

In house   86 32 (37.2)
Near house   24   7 (29.2)
None 151 38 (25.2)

Distance from plant 0.667
Residence 115 36 (31.3)
  within 2 km
More than 146 41 (28.1)
  2km

Presence of mosquito 0.485
  bites on exam

Yes 156 43 (27.6)
No  105 34 (32.4)

aJD = Jordanian dinars.

was not collected, mobility of the study
population is limited and thus unlikely to be the
cause of infection with the virus. Cross-reactivity
to other related flaviviruses is unlikely since no
such viruses have been documented in Jordan.
The infection rate among female participants
(9.7%) was more than double that among male
(4.0%), but it was not statistically significant
(p=0.202). Although older age (≥30 years), lower
family income (<100 Jordanian dinars), presence
of domestic animals within the house, and
presence of mosquito bites on examination
seemed to be related to a higher prevalence of
past infection with West Nile virus, none of these
variables had significant effect. The only
significant factor for past infection was  distance
between residence and treatment plant and its
effluent channel. Study participants living within 2
km were approximately 4 times more likely to
have been infected than participants living
further away (p=0.016). No participants had
evidence of acute infection with West Nile virus.

Sandfly Sicilian Virus
More than 47% of the study population had

evidence of past infection with sandfly Sicilian
virus (IgG seropositivity, Table 2). Female sex,

presence of domestic animals within the house,
and close residence to the treatment plant and its
effluent channel were significantly associated
with a higher prevalence of past infection with
sandfly Sicilian virus. There was no evidence of
acute infection (IgM positivity) with sandfly
Sicilian virus.

Sandfly Naples Virus
More than 29% of the participants had IgG

antibodies against sandfly Naples virus (Table 3).
The only factor significantly related to past
infection was age: participants ≥30 years of age
were more likely to have been infected than those
in the younger age groups (p=0.007); all were IgM
seronegative, which indicates absence of acute
infection with this virus.

Rift Valley Virus
All participants were seronegative for IgG

and IgM antibodies against Rift Valley virus,
which indicates that the study population had
never been exposed to the virus.

Discussion
Our study is the first documentation that

West Nile, sandfly Sicilian, and sandfly Naples
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viral infections are present in Jordan. The
prevalence of sandfly viral infection was much
higher than that of West Nile, but no acute
sandfly infections were detected, possibly
because 1) IgM positivity is short-lived and
therefore the chance to be detected in a survey is
much smaller and 2) children ≤5 years of age (who
are more likely to be susceptible for acute
infection) were excluded from the study.

Humans become infected with West Nile
virus by the bite of an infected Culex mosquito.
C. pipiens are abundant in the study area (1).
Birds are the reservoirs of infection (3). The
presence of the disease in Jordan is not
unexpected as its known geographic distribution
includes the Middle East, Africa, southern Europe,
and Asia (4). In 1989, the seroprevalence of IgG
antibodies to this virus among schoolchildren
ages 8 to 14 years was 3% in an area in the Nile
River Delta (5). In another report from Egypt, the
seroprevalence of West Nile virus antibodies was
20% (6). In 1996, an epidemic of 393 cases of West
Nile meningoencephalitis occurred in Romania
(7). Recently, and for the first time in the United
States, an outbreak of West Nile-like encephalitis
occurred in New York (8, 9).

Infection with sandfly viruses is transmitted
by the bites of infected Phlebotomus pappatasi
sandflies. The principal reservoirs are humans
and sandflies (10), though rodents are suspected
to harbor them (3). Aseptic meningitis caused by
Sicilian virus has been reported (11). Sandfly
fever is present in the circum-Mediterranean
area, extending to the east through the Balkans
into China, the Middle East, and Southwest Asia
(4). Travelers to disease-endemic areas and
deployed troops are at high risk of contracting the
disease (12). Among 298 Swedish United Nations
soldiers who served in Cyprus, seroconversion, in
a 6-month period, occurred in 7 (for Sicilian
virus), 3 (Naples), and 1 (Toscana) (13). Cyprus
seems to have a high prevalence of sandfly
viruses, with a reported seroprevalence rate of
57% for Sicilian, 32% for Naples, and 20% for
Toscana virus (14). Sandfly Sicilian and Naples
virus infections have been documented in Egypt
(5,6). Although these viruses have not been
reported in Jordan, their vector (P. pappatasi) is
ubiquitous (15-18), including in the Hashimiah
area (Saliba EK, unpublished data). Sandflies
breed mainly in dirt and garbage, but not in
wastewater. The high prevalence of both sandfly
fever viruses in Hashimiah may be attributed to

the fact that immunity is serotype specific, i.e.,
infection with one serotype provides no protec-
tion for the other (12).

Possible explanations for the higher infection
rates among women are their likelihood of
spending most of their time at home and their
caring for domestic animals in places not
protected from mosquitoes and sandflies. These
factors may also explain the higher prevalence of
past infection among lower income people, who
live close to the plant and its effluent channel,
are more likely to raise domestic animals
(mostly sheep and cows), and often keep the
animals inside the homes. These circumstances
create environmental conditions suitable for
sandfly breeding.

Unlike sandfly Sicilian, the associations of
sandfly Naples with gender, presence of domestic
animals, and distance from the plant were not
significant. The smaller number of seropositive
samples for sandfly Naples may explain these
inconsistencies. On the other hand, the higher
endemicity of the Sicilian virus leads to exposure
and subsequent immunity at an earlier age than
for the Naples virus. Because young children
(≤5 years) were excluded from the study, a
weaker association between the Sicilian virus
and age is not unexpected.

With the unprecedented increased popula-
tion mobility in the form of tourism, business,
and troop deployment, political borders are no
longer barriers against the spread of infections.
The West Nile-like encephalitis outbreak in New
York, which is likely to have been transmitted
from the Middle East (19), provides viable
support for this notion. Therefore, our findings
may be of interest outside, as well as within,
Jordan. At the local level, the data should alert
physicians to consider these viral infections in
the differential diagnosis of conditions such as
encephalitis, aseptic meningitis, and unex-
plained febrile illnesses. The data also highlight
the need for preventive measures, such as
educating people about self-protection and
instituting public health programs directed
against mosquitoes and sandflies. The study also
calls attention to the possible health hazards of
wastewater plants and, in particular, their
effluent channels, on neighboring communities.
Wastewater effluent channels, if not well
maintained, provide potential breeding sites for
C. pipiens. The absence of Rift Valley virus
infection among the studied population does not
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mean it is absent in other areas in Jordan.
Further studies in different geographic areas are
recommended.
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