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a  b  s  t  r  a  c  t

The  role  of arboviruses  causing  acute  febrile  illness  in  sub-Saharan  Africa  is receiving  more  attention.
Reports  of  dengue  in  tourists  were  published  nearly  10 years  ago  in  Namibia,  but  the current  epidemi-
ology  of arboviruses  is  unknown  and  surveys  of mosquito  vectors  have not  been  carried  out  since  the
1950s.  To  begin  addressing  this  knowledge  gap,  a  prospective  cross-sectional  study  was  conducted  using
samples  from  volunteer  blood  donors  linked  to questionnaire.  Serum  samples  were  tested  using  a  Dengue
IgG Indirect  ELISA  which  measured  exposure  to  dengue  virus/flaviviruses.  Entomological  samples  were
collected  from  tires  during  the  rainy  season  (February–March  2012)  in six  locations  across  Namibia’s  cap-
ital city,  Windhoek.  Among  312  blood  donors  tested,  25  (8.0%)  were  positive  for  dengue  virus/flavivirus
exposure.  The  only  significant  risk  factor  was age  group  with  high  exposure  rates  among  those  older  than
50 (29%)  compared  with  those  below  40 years  old (between  2.9%  and  8.3%)  (P  <  0.002).  Larvae  and  pupae  of
Aedes aegypti  and  Culex  pipiens  complex  accounted  for 100%  of  the  2751  samples  collected,  of which  only
12.2%  (n = 336)  were  Ae.  aegypti.  Each  site demonstrated  high  variability  of  species  composition  between
sampling  times.  While  the significant  dengue  virus/flavivirus  exposure  rate  among  those  above  50  years
old is likely  indicative  of the West  Nile  epidemic  in  the 70s and  80s,  the  low  exposure  among  those  under

50  suggests  that  flaviviruses  are  still  circulating  in  Namibia.  While  Ae.  aegypti  and  C.  pipiens  sp.  may  play  a
role in future  epidemics,  the  significance  of presence  may  be  reduced  due to  short  rain  periods,  dry,  arid,
cold winters  and  policies  and  social  understandings  that  limit  non-structured  storage  and  use  of tires  in
low  income  areas.  Future  studies  should  further  characterize  the  circulating  arboviruses  and  investigate
mosquito  ecology  nationally  to map  areas  at higher  risk  for future  arbovirus  outbreaks.

© 2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

The role of arboviruses in acute febrile illness in sub-Saharan
frica is receiving more attention, especially as countries make
easurable strides toward malaria elimination (Hertz et al., 2012;
aina et al., 2012; Sokhna et al., 2013; Vairo et al., 2012). This is

specially critical in Southern Africa where four countries (Namibia,

otswana, South Africa, and Swaziland) are actively working to
liminate malaria (Cotter et al., 2013). Information on arbovirus
pidemiology is needed to develop local diagnostic and treatment
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athology, Oklahoma State University, Stillwater, OK, United States.
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obwilkinson795@gmail.com (R. Wilkinson).

ttp://dx.doi.org/10.1016/j.actatropica.2014.05.010
001-706X/© 2014 Elsevier B.V. All rights reserved.
algorithms, especially in regions with large numbers of immune
compromised individuals, such as persons living with HIV (Hertz
et al., 2012; Kasper et al., 2012).

The epidemiology of arboviruses in Namibia has not been eval-
uated since the country gained independence in 1990. In the late
1950s (Kokernot et al., 1965) and mid-1980s (reviewed by Noden
and van der Colf, 2013), arbovirus exposure to Chikungunya, Ger-
miston, Rift Valley Fever, Crimean-Congo Hemorrhagic Fever, and
West Nile viruses was  reported among people living in north-
ern Namibia. Since the 1980s, outbreaks of Rift Valley Fever virus
and Crimean-Congo Hemorrhagic Fever virus have occurred but no
published follow-up has characterized the epidemiology or ecology
of these pathogens with a goal to prevent future epizootics (Noden
and van der Colf, 2013).
In 2011, a review of dengue virus epidemiology in Africa indi-
cated that Aedes aegypti mosquitoes were found in Namibia and
dengue cases had been diagnosed in traveling tourists from the
early to mid-2000s (Amarasinghe et al., 2011; Were, 2012). The
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http://www.sciencedirect.com/science/journal/0001706X
http://www.elsevier.com/locate/actatropica
http://crossmark.crossref.org/dialog/?doi=10.1016/j.actatropica.2014.05.010&domain=pdf
mailto:bruce.noden@okstate.edu
mailto:noden4@gmail.com
mailto:milkamusuuo@gmail.com
mailto:lakuakai@polytechnic.edu.na
mailto:bvandercolf@polytechnic.edu.na
mailto:Israel@bts.com.na
mailto:robwilkinson795@gmail.com
dx.doi.org/10.1016/j.actatropica.2014.05.010


1 Tropic

d
m
i
w
a
e
1
H
i
e
o

c
o
v
t
(
t
(
s
m
a
w
s

2

2

R
v
o
c
v
i
o
b

2

w
s
N
t
s
p
o
s
H
f
t
t
i
e
m
r
9
a
c
p
t
s

24 B.H. Noden et al. / Acta 

engue data was reported by Wichmann et al. (2003), who  sum-
arized confirmed and probable (IgM positive serology) dengue

nfections among German travelers reported by the European Net-
ork on Imported Infectious Disease Surveillance (TropNetEurop)

nd the German Surveillance Network on Imported Infectious Dis-
ases (SIMPID). While Ae. aegypti was reported in Namibia in the
940s (Noden and van der Colf, 2013), the Namibian Ministry of
ealth and Social Services has not been actively tracking dengue

nfections. With the recent outbreak of dengue in Angola (Schwartz
t al., 2013), there is a critical lack of any baseline data in Namibia
n which to base risk assessment.

To address this gap between tourist-based studies, possible
ross-border infection from the Angolan epidemic and the lack
f any information on the local epidemiology of arboviruses and
ector mosquitoes in Namibia, this study was initiated to assess
he risk of possible dengue virus transmission. This was  done by:
1) evaluating the exposure of a healthy population of Namibians
o dengue virus/flavivirus using an indirect enzyme immunoassay
EIA); and (2) surveying discarded auto tires for vector mosquito
pecies around the capital city of Windhoek. The focus was  to deter-
ine whether dengue virus or other flaviviruses were present in

 population of permanent Namibian residents, and to evaluate
hether an outbreak could occur in Windhoek during the rainy

eason through mosquitoes breeding in tires.

. Methods and materials

.1. Ethical considerations

The study was approved by the Permanent Secretary and the
esearch Committee of the Ministry of Health and Social Ser-
ices (MoHSS) of Namibia, and by the Blood Transfusion Service
f Namibia (NAMBTS). All participants provided written informed
onsent and the parent/guardian of any participant under 18 pro-
ided written informed consent on their behalf. Blood donors’
dentifying information was held by NAMBTS. The research team
nly received the completed surveys and two vials of donor serum,
oth of which were linked by a unique donor ID number.

.2. Study population and study design

A prospective cross-sectional sample of volunteer blood donors
as collected between September 2011 and February 2012. All

amples were collected by The Blood Transfusion Service of
amibia (NAMBTS) at one of 20 fixed or mobile donation clinics

hroughout Namibia. The samples collected were part of a broad
ero-survey for exposure to viral, bacterial and protozoan zoonotic
athogens among Namibian volunteer blood donors. Due to a focus
n exposure to various zoonotic pathogens, we attempted to over-
ample for volunteer blood donors with rural or farm experience.
owever, most Namibian blood donors live in urban centers and

requently visit farms and rural areas. As such, it was  appropriate to
est the donor samples for exposure to what is normally considered
o be an ‘urban’ associated virus because the majority of donors live
n urban areas most of the time. The study sample size (n = 319) was
stablished using EpiInfo 6.0 (CDC, Atlanta, GA, USA), using an esti-
ated prevalence of 30% (based on flavivirus exposure in Kavango

egion, Namibia (Joubert et al., 1985), an absolute error of 0.5 and a
5% confidence interval (95% CI). While exposure can vary by region
nd could, thus, have affected sample size, the prevalence used is

onsidered one of the highest in the region and therefore, the sam-
le size is sufficient for such a study. A questionnaire was used
o capture information about blood donors’ risk factors for expo-
ure to dengue virus or other flaviviruses. Only those samples that
a 137 (2014) 123–129

included an accompanying questionnaire were tested for exposure
to pathogens.

2.3. Sample selection

Inclusion criteria included healthy individuals (first time or
repeat donors) who  passed the NAMBTS selection criteria (Vardas
et al., 1999). Volunteer blood donors are commonly used to evalu-
ate exposure to bacterial pathogens (Dupont et al., 1995; Hogema
et al., 2012; Kelly et al., 1991; Kilic et al., 2008; Niang et al., 1998; Sun
et al., 2010), however, prevalence estimates from these studies are
considered conservative since blood donors are normally younger,
healthier and screened for other significant pathogens (Letaief et al.,
1995; Mansueto et al., 2012; Negri et al., 2013).

A study consent form in English or Afrikaans was provided
to each volunteer before donating blood. After reading and dis-
cussing the form with NAMBTS staff, donors were asked if they
wanted to participate. If they agreed, a short questionnaire (English
or Afrikaans) was  completed which included questions on demo-
graphics such as gender, age, region, and the general area where
they lived (city, peri-urban or rural) and an additional 4 ml  of blood
was drawn during their donation session.

2.4. Serum samples

After donation, blood samples were transported to the NAMBTS
headquarters in Windhoek where they were processed and serum
components were divided into two 2 ml  vials, each labeled with
a unique patient identification number, and stored at −20 ◦C until
picked up for testing at the Polytechnic of Namibia.

2.5. Serological testing

Serological testing on the serum samples was  performed using a
Dengue IgG Indirect ELISA kit (PanBio, Inverness Medical, Queens-
land, Australia) for the qualitative detection of IgG antibodies
to dengue antigen serotypes 1–4 in clinical samples as well as
for past exposure. Protocols followed manufacturer’s instructions,
including the cutoff calibrator instructions. Following instructions,
all samples were screened at 1:100 dilution. All positives and
equivocals were confirmed with a second round of ELISA test-
ing. While recognizing that RNA amplification by PCR is normally
used to prove dengue infection (Hertz et al., 2012), as per the
manufacturer’s instructions (“in areas where multiple flaviviruses
co-circulate, the presence of crossreactive flavivirus antibodies
should be considered”), we recognize that a positive sero-sample
is only indicative of prior flavivirus exposure and not necessar-
ily dengue. Confirmatory tests (PCR and/or more specific antibody
tests) on the samples and tests for other possible flaviviruses such
as Usutu or West Nile viruses were not run.

2.6. Study area and collection sites

Entomological surveys were conducted between February and
March during the peak of the rainy season in 2012 in Central
Namibia (Namibia Weather, 2014) in six urban and peri-urban
locations in Windhoek. Sites were chosen based on the presence
of unused tires in the vicinity, the willingness of the property
owners to allow sampling to take place, as well as their location
and environment (proximity to riverbeds and human dwellings)
within the city boundaries. While other containers types were
considered, other studies have demonstrated that tires provide

a good indicator of major mosquito species in the sites with
minimal engagement of sampling communities (Yee, 2008; Yee
et al., 2010). All sites were open to direct sunlight. Three peri-
urban sites were identified in Katutura (Havana settlement, Singles
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Table  1
Characteristics of the Namibian study population and bivariate logistic regression analysis of risk factors associated with exposure to dengue/flaviviruses.

N (%) Exposure (1:100 dilution) OR (95% CI) P∧

Gender
Males 196 (62.8%) 20/196 (10.2%) 2.52 (0.92–6.92) 0.072
Females 116 (37.2%) 5/116 (4.3%) 1

Age  groups
Under 20 39 (12.5%) 2/39 (5.1%) 0.14 (0.02–0.75) 0.022
20–29  103 (33.0%) 3/103 (2.9%) 0.08 (0.02–0.33) 0.001
30–39  96 (30.8%) 8/96 (8.3%) 0.23 (0.07–0.75) 0.015
40–49 53 (17.0%) 6/53 (11.3%) 0.32 (0.09–1.14) 0.078
50  and above 21 (6.7%) 6/21 (28.6%) 1

Areasa

North 23 (7.4%) 2/23 (8.7%) 1.32 (0.17–10.43) 0.796
Central 273 (87.5%) 22 (8.1%) 1.43 (0.12–17.23) 0.779
South 16 (5.1%) 1/16 (6.3%) 1

Residence
Rural  54 (17.6%) 6/54 (11.1%) 1.48 (0.56–3.91) 0.424
Urban 252 (82.4%) 19/252 (7.5%) 1

Interacted with animals on a regular basis?
Yes 301 (96.5%) 25/301 (8.3%) 0.00 1.00
No  11 (3.5%) 0/11 (0%) 1

Worked with animals on farm/hunting?
Yes 114 (36.5%) 10/114 (8.8%) 1.16 (0.5–2.7) 0.829
No  198 (63.5%) 15/198 (7.6%) 1
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a North (Caprivi, Ohangwena, Oshikoto, Oshana, Omusati, Kunene); central (Otjo
∧ P values less than 0.05 were considered statistically significant.

uarters, and Malaka Dry), and three urban sites were identified
ithin the Windhoek city limits (Khomasdal, Ausspannplatz, and

ros).
The Katutura sites were chosen for their location and proximity

o human dwellings. The Havana site was in a small shrub-filled
alley next to a primary school on the edge of the settlement area.
he tires at this site were part of an erosion control plan for the
rimary school property, so the tire numbers changed as they were
sed. The Singles Quarters site was inside the central commercial
rea of Katatura with piles of tires arranged in the front fenced-in
rea of a homestead. The Malaka Dry site was also centrally located
n Katatura with randomly arranged tires in a fenced-in property

ith small houses located around a main house.
The Khomasdal site was chosen for its higher degree of urban-

zation and location near a riverbed. The Ausspannplatz site was
n downtown Windhoek in a busy business district. The tire pile
ampled at a used car dealership was located in an alley behind
n office building. The Eros site was residential property next to a
ilderness area on the edge of a middle-income area.

.7. Mosquito sampling

Samples were taken only from discarded tires filled with water
hat could serve as mosquito breeding sites. The tires sites were
ithin 10 m of the houses, schools or businesses connected to the
roperties. To maximize the chances of finding larvae and pupae,
ollections were made during the rainy season. An additional visit
o each site was made after the winter months at the beginning of
he dry season to confirm the absence of mosquitoes after the cold,
ry winter. During each visit, 10 tires were randomly selected for
ampling using a hand pump. Tires were agitated before sampling
o maximize collection of bottom dwelling larvae. Containers con-
aining water from each site were labeled. At the laboratory, larvae
nd pupae from each site were placed into plastic containers and

abeled according to the sampling location. Water used for rearing
ame from the tires from each site and flakes of commercial fish
ood were sprinkled every two days for a food source. Larvae and
upae were grown to adults before identification. Emerging adults
pa, Erongo, Khomas, Omaheke); south (Hardap).

were identified using Walter Reed Biosystematics Unit online keys
(WRBU, 2011).

2.8. Statistical analysis

All data were entered into Microsoft Excel spreadsheets and
analyzed using SPSS (version 21, IBM, Armonk, NY, USA). For cate-
gorical data, we used Pearson’s �2 tests or Fisher’s exact tests (when
values were less than five). Bivariate logistic regression analyses
were used to assess associations between population characteris-
tics (from the survey) and seropositivity results. Odds ratios (OR)
and 95% confidence intervals (CI) were calculated. P values less than
0.05 were considered statistically significant.

3. Results

3.1. Study population

The majority of people tested were male and lived in the Central
regions of Namibia (Table 1). Most lived in urban areas and were
between the ages of 20–29 and 30–39.

3.2. Prior flavivirus exposure

Anti-DENV IgG serological testing was performed for 312 par-
ticipants, of which 25 (8.0%) were positive (Table 1). The only
significant risk factor was  age group. Blood donors 50 years old and
older had significantly higher exposure than those below 50 years
old (P < 0.002). The mean age of positive samples was 40.2 ± 12.4,
which differed significantly from those not exposed (31.4 ± 10.8)
(P < 0.001). Gender, region, or residence were not significant.

3.3. Mosquito survey
Larvae and pupae of Ae. aegypti and Culex pipiens complex
accounted for 100% of the 2751 individual larvae or pupae collected,
of which only 12.2% (n = 336) were Ae. aegypti. Each site demon-
strated high variability of numbers of mosquitoes and proportions
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Table  2
Comparison of Aedes and Culex mosquito densities from six sitesa during February–March 2012.

Area of Windhoek Neighborhood Month Aedes aegypti
N  (% total)

Culex pipiens
N (% total)

Katatura Havana February 2012 5 692
March 2012 0 314
Total 5 (0.5%) 1006 (99.5%)

Singles Quarters February 2012 21 109
March 2012 64 34
Total 85 (37.3) 143 (62.7%)

Malaka Dry February 2012 51 0
March 2012 36 41
Total 87 (68.0%) 41 (32.0%)

Khomasdal Khomasdal February 2012 11 0
March 2012 102 0
Total 113 (100%) 0

Windhoek central Ausspannplatz February 2012 2 1
March 2012 1 42
Total 3 (6.7%) 43 (93.3%)

Eros  Eros February 2012 35 0
March 2012 10 1183

o
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t
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b
d

Total 

a Sampling from 10 tires in each site.

f species collected between sampling times (Table 2). It was com-
on to find different larval stages of both Ae. aegypti and Culex in the

ame tires at many of the sites. The Havana and Eros sites contained
arge populations of C. pipiens,  while Ausspannplatz totals were
onsiderably lower for both species. Differences between popula-
ions at each site demonstrated possible competitive relationships

Fig. 1; Table 2). The Havana, Eros, and Ausspannplatz sites had
imited numbers Ae. aegypti in February but none or smaller num-
ers in March. No Culex sp. were identified in the Khomasdal site
uring any sampling period. The Malaka Dry site yielded no Culex

Fig. 1. Distribution of Aedes aegypti and Culex sp. larvae collected from si
45 (3.7%) 1183 (96.3%)

in February but, by March, Culex accounted for almost half of the
larvae and pupae collected at the same location.

4. Discussion

This is the first study to evaluate exposure of a healthy popula-

tion to flavivirus in Namibia since the country gained independence
in 1990. It is also the first since the 1950s to focus on mosquitoes
breeding in Windhoek (De Meillon and Hardy, 1953; Muspratt,
1956). Prompted by a recent cross-over border case of dengue

x surveillance sites in Windhoek, Namibia (February–March 2012).
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nfection in a Namibian infected in a recent dengue outbreak in
ngola (Kapitako, 2013) and recent publications of ‘tourist’ dengue

rom Namibia (Amarasinghe et al., 2011; Were, 2012), the discov-
ry of 25 dengue virus/flavivirus-positive specimens from healthy
ermanent residents of Namibia was surprising. The use of an
LISA with lower specificity than a combined IgG/IgM assay meant
hat the positive samples could be actual dengue virus or, as
he manufacturer’s instructions described, could be cross-reacting
ntibodies with local flaviviruses. Therefore, the results are pre-
ented as dengue virus/flavivirus until future studies confirm which
iruses are being recognized.

The significant variation in prevalence rates observed between
ge groups (Table 1) is striking on two accounts. First, the 28% sero-
revalence among volunteer blood donors over 50 where all other
ge groups were below 10% is most likely indicative of exposure
o West Nile virus during a documented epidemic 30 years ago.
he only known flavivirus epidemic in the region in the past 30
ears occurred with West Nile virus in the Karoo area of north-
estern South Africa (just south of Namibia) in 1974, in which

8,000 persons were recorded with acute febrile illness (Venter
nd Swanepoel, 2010). Ten years later in northern Namibia in the
id-1980s, Joubert et al. (1985, 1991) reported flavivirus rates

f 30.2% in Kavango region (Joubert et al., 1985) and 28.9% in
atima Mulilo (Caprivi region) (Joubert et al., 1991). They also dis-
ussed the dramatic increase of 16% in West Nile prevalence in
he Caprivi region in one year between 1983 and 1984 (Joubert
t al., 1991). The timing of these studies also correlates to the iso-
ation of West Nile virus from a febrile patient in northern Namibia
Burt et al., 2002). Based on the timing of the South African out-
reak and testing results in northern Namibia, it appears that
he West Nile epidemic moved south to north in Namibia dur-
ng that 10 year period (Jupp, 2001; Weaver and Reisen, 2010).
hat 10 year period is the same period that this group of Namib-
an volunteer blood donors over 50 years old would have been in
heir 20s and 30s, a prime age for exposure to a moving vector-
orne arbovirus epidemic due to working outside and exposure to
osquitoes.
The second interesting part of the age distribution occurred

mong those under 50 years old (but older than 16, the first year
f eligibility for blood donation in Namibia) with exposure ranges
etween 2.5% and 10%. This suggests that flaviviruses are still circu-

ating and potentially contributing to non-malaria febrile illnesses
n Namibia – but are not captured by national public health surveil-
ance systems. Among Namibia’s neighbors, dengue has only been
eported in Angola (Filipe et al., 1975). Other flaviviruses, however,
uch as West Nile (Filipe et al., 1975; Kokernot et al., 1965; Jupp,
001; Sharp et al., 1987; Venter and Swanepoel, 2010; Zaayman and
enter, 2012), Wesselsbron virus (Kokernot et al., 1965, Sharp et al.,
987; Weyer et al., 2013) and Usutu virus (Nikolay et al., 2011) are
idespread in Southern Africa. While the dengue-positive blood
onors may  have also been exposed to other areas of the south-
rn African sub-region, we believe the ecological and geographical
roximity of central Namibia to these areas of reported endemnic-

ty is suggestive that these limited findings represent a conservative
stimate of what is actually occurring in the central regions of
amibia. Future studies should focus on active surveillance and

he classification of specific viruses. This information would be
mportant for the safety of the national blood supply (Petersen and
usch, 2010; Pierro et al., 2011), and to help revise diagnostic and
reatment algorithms for acute febrile illnesses (Hertz et al., 2012;
unjabi et al., 2012).

The survey of tire sites in Windhoek revealed the presence of

wo principal mosquito vectors known to transmit flaviviruses –
e. aegypti and C. pipiens sp. Surveys from the 1940s and 1950s,
eported Ae. aegypti throughout Namibia while C. pipiens complex
as reported mainly in Central Namibia (reviewed by Noden and
a 137 (2014) 123–129 127

van der Colf, 2013). Ae. aegypti are known vectors for dengue virus
and Wesselsbron virus, in addition to a local species of dog heart-
worm, Dirofilaria repens (Noden et al., 2011; Schwan, 2009). C.
pipiens sp. are a known vectors of West Nile (Hayes et al., 2005;
Kramer et al., 2008). The presence of both species in large numbers
throughout Windhoek (at times found within the same tire) has sig-
nificant epidemiological ramifications. While Windhoek’s climate
(mostly dry and arid) and elevation (>1000 m above sea level) have
likely prevented or limited vector-borne outbreaks in the past, the
presence of known vectors during the rainy season could drive an
arbovirus outbreak in the future, particularly that of Ae. aegypti
which are more anthropophilic than C. pipiens.  The absence of Culex
mosquitoes in the Khomasdal site, a more middle-class neighbor-
hood, is a possible indicator that socio-economics may  play a role
in mosquito breeding sites throughout the city. This aspect requires
further attention in future surveys.

There are several aspects that may  limit the possibility of a future
arbovirus outbreak in Windhoek. Unlike other African cities, piles
of unused tires are rare, even in the low income areas of Windhoek.
This is due to the provision of a service and a managed site for tire
disposal in the City to reduce mosquito breeding (personal commu-
nication, Milka Musuoo). Also, conversations with local residents
indicated that there is a strong social pressure in the low-income
communities to not have piles of under-utilized tires. If present,
tires are almost always used for erosion control or boundary demar-
cation. As proof, no tires remained at the Malaka Dry site (the largest
tire site) one year after the survey. While mosquitoes continue to
breed in other containers or in seeping rivers, an aggressive munici-
pal sanitation strategy, coupled by a strong cultural bias against tire
dumping may  naturally limit the risk for an arbovirus outbreak in
the city.

There was  considerable variation among mosquito populations
in the tires between the two sampling times. Some sites con-
tained almost exclusively one species while proportions of the two
species changed in other sites during the month between samp-
ling times. Several aspects may  play a role in the ecology of these
two vector species. First, tire-breeding mosquitoes are known to
be heavily influenced by abiotic and biotic factors (Kling et al.,
2007; Yee, 2008; Yee et al., 2010). The detritus found in the tires,
as well as other environmental factors and competitive relation-
ships between species, could have affected population densities
during the study (Kling et al., 2007; Yee et al., 2010). Addition-
ally, the ecology of vector species colonization in certain areas of
Windhoek is completely unknown. Where and how the vectors
survive the region’s cold winters (below 0 ◦C) and 4–5 months
of arid, dry conditions between rainy seasons also needs further
study.

The scope and specific objectives of the study may  have pro-
duced some limitations which need to be noted. The use of
samples from a wider study design focused on exposure to zoonotic
pathogens normally encountered in a rural or farming environment
could have introduced a possible bias into our data. However, the
high proportion of urban dwellers (82%) increases the likelihood
of encountering mosquito-borne flaviviruses normally associated
with urban areas such as dengue. The focused sampling approach
using only tire communities, due to difficulties in establishing
sampling sites within several communities, may  have limited the
diversity of mosquito species recovered. Future studies need to
consider all possible mosquito breeding sites and include a more
comprehensive approach to sampling throughout the city. Finally,
the purpose of this paper was to begin the process of evaluating
the whether Namibians are at risk for flavivirus outbreaks. It is

envisioned that this information will be used together with envi-
ronmental, climatic and ecological variables in future to develop
spatial risk maps which will help to inform policy and sustainable
prevention and control efforts.
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. Conclusion

While the findings of this study provide serological evidence
f past epidemics, suggest current flavivirus exposure in a healthy
ohort of Namibians, and identified mosquito vectors breeding in

indhoek, future studies are needed to classify and quantify spe-
ific circulating arboviruses in Namibia. With Rift Valley Fever virus
nd Crimean-Congo Hemorrhagic Fever virus potentially in the epi-
emiological mix  in Namibia (Noden and van der Colf, 2013), it is

mperative to know which arboviruses are present and how (and
here) they interact with human and animal populations. In addi-

ion to public health surveillance for arbovirus illnesses, an updated
ational mosquito survey is needed to anticipate where future out-
reaks could occur. The last mosquito surveys were carried out in
he 1950s, but research elsewhere has shown that mosquito popu-
ations can shift dramatically, especially in areas where malaria
limination has been a focus (Noor et al., 2013a,b). By linking
rbovirus surveillance with mosquito surveys, it would be pos-
ible to easily identify potential ‘hot spots’ of transmission and
ffectively update national diagnostic and treatment algorithms for
evers of unknown etiology.
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