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INTRODUCTION

Arboviruses have become significant causes of public health problems with
potential for epidemics and unprecedented spread (1, 2). Large epidemics have
occurred and will continue to occur, unless we remain extremely vigilant,
respond promptly, and have more to offer than isolation and quarantine (3).
Arboviral diseases include: West Nile virus disease, Yellow fever and dengue
among others (4). These viruses have caused wide-spread morbidity in sub-
Saharan Africa and worldwide (5). The changing epidemiology of arboviruses,
the changing virulence of arboviruses, increased vector population responsible
for transmission of diseases, the growing population sizes and rapid
urbanization cause changes in equilibrium of vectors and hosts, thus,
increasing chances of outbreaks and epidemics (6) and therefore a constant
watch on the pattern of arboviral diseases through surveillance is inevitable.

SURVEILLANCE

Public health surveillance which is the ongoing systematic collection, analysis,
interpretation, and dissemination of health data (7) can serve as an early
warning system for impending epidemics (8). The objectives of a public health
surveillance system are to detect epidemics; to guide immediate action; to
measure the burden of disease; to monitor trends; to evaluate public policy; to
detect changes in health practices and their effects; to describe the clinical
course of disease; to guide the planning, implementation and evaluation of
program and to prioritize the allocation of health resources (9). There are two
types of surveillance: Passive and active surveillance.

Passive disease surveillance refers to the receipt of reports of disease from
health staff that are required by law to submit such reports without being
reminded to do so and forms may be collected from health facilities. Data from
passive surveillance is often incomplete partly because there are no incentives
for health staff to complete the forms. Active disease surveillance refers to
contacting health staff that is provided with feedback or other incentives to
search for cases and as a result data is more complete than that from passive
surveillance. This type of surveillance is usually seasonal to coincide with
periods of high disease frequency and generally yields a much higher
percentage of actual cases as compared to passive surveillance. Active
surveillance is used also during outbreaks to identify additional cases (10, 11).
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Active surveillance of population movements can provide data for planning
emergency interventions and for general disease surveillance (12).
Characteristics of well-conducted surveillance include: acceptability,
flexibility, high predictive value positive, quality, representativeness,
sensitivity, simplicity, stability, timeliness and validity (13) and among these,
the following characteristics are more important in surveillance detecting
outbreaks of diseases: Timeliness, stability, representativeness, flexibility (14)
and validity. To validate the suspicions of the findings during surveillance,
confirmed diagnosis through laboratory testing is a necessity. The laboratory
plays a key role in providing information that can be used to target and focus
resources containment and possible eradication of diseases (15).

A number of epidemics caused by arboviruses have been documented over
the centuries (16-20), and surveillance has played an important role in these
milestones (21). The fact that arbovirus epidemics continue to occur, it
suggests that public health surveillance is either nonexistence or has failed to
detect impending epidemics. In resource constrained countries for structured
surveillance, it has been suggested that emphasis should be placed on detecting
alerts from formal (health facilities) or informal sources (community
informants) rather than on analysis of surveillance data, which often is
incomplete and has low timeliness (22).

Brucner and Checchi (23) concluded in a systematic review that timeliness
of detection, investigation and response was poor for most outbreaks that
occurred in 22 of the resource constrained countries, thus making containment
of the epidemics extremely difficulty. Public health surveillance system should
be frequently evaluated so that it is made to be the best strategy to avert
epidemics.
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Chapter 2

ARBOVIRUSES IN NORTH-WESTERN AND
WESTERN PROVINCES OF ZAMBIA

Mazyanga L Mazaba, BSc, MSc*?,
Olusegun Babaniyi, MBBS, MPH, MSc’,
Freddie Masaninga, BSc, MSc, PhD,
Peter Songolo, MBChB, MPH*, 1dah Mweene-Ndumba,
BSc, MPH'?, and Seter Siziya, BA(Ed), MSc, PhD**

"World Health Organization, Lusaka, Zambia
2University Teaching Hospital, Lusaka, Zambia
3School of Medicine, Copperbelt University, Ndola, Zambia
*University of Lusaka, Lusaka, Zambia

Arboviruses have caused wide-spread morbidity in sub-Saharan Africa
and worldwide. The objective was to present a synthesis of the findings
on arboviruses infections determined from a 2013 yellow fever risk
assessment survey conducted in North-Western and Western provinces of
Zambia. We reviewed published and unpublished papers on prevalence
and correlates for arboviruses. Prevalence rates for arboviruses infections
were 10.3% for West Nile, 6.0% for Zika, 4.1% for dengue, 0.5% for
yellow fever and 11.5% for any arbovirus infection. Persons aged less
than 5 years were 63% less likely to have infection compared to persons

* Correspondence: Mazyanga L Mazaba, EPI Unit, World Health Organization, Lusaka, Zambia
and Virology Unit, University Teaching Hospital, Lusaka, Zambia. E-mail:
mazmazli@yahoo.com.
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aged 45 years or older. In-door residual spraying was associated with
reduced risk for West Nile or Zika viruses infections. Visiting Angola
was significantly associated with increased risk for dengue, West Nile
and Zika arboviruses infections. Respondents living in grass roofed
houses were 2-3 times more likely to have any of the infections compared
to those living in houses with asbestos roofs. A total of 1401 adult
mosquitoes were collected comprising 28.9% Aedes, 37.0% Anopheles,
471 (33.6%) Culex and 71 (5.1%) Mansonia. The factors: roof type and
visiting Angola in addition to arbovirus-specific infection correlates
should be considered in developing interventions to control them in
North-Western and Western provinces of Zambia.

INTRODUCTION

Recently the following arboviruses were identified in Zambia: Yellow fever
(1), dengue (2), West Nile (Mweene-Ndumba et al., unpublished) and Zika
(Babaniyi et al., unpublished). These viruses, all among the group B of
arboviruses under the genus Flavivirus, have caused wide-spread morbidity in
sub-Saharan Africa and worldwide (3).

Yellow fever

Yellow fever known to occur commonly in certain parts of Africa and South
America but absent in Asia (4) is caused by yellow fever virus. It is unclear
why yellow fever does not occur in Asia. The typical symptoms in yellow
fever infected persons include fever, muscle pains, headache, nausea and
vomiting from the third to sixth day of infection. Although up-to 85% of
illnesses resolve at this stage, others progress to a severe disease following a
brief 2-24 hour remission of symptoms. The symptoms in severe disease
include nausea, vomiting, epigastric pain, renal failure, jaundice and
haemorrhaging. At this stage of the disease about half of patients die within
10-14 days, and those who survive develop immunity for the rest of their lives
(5). There is no cure for yellow fever (6). However, there is an effective
vaccine for the prevention of yellow fever (7). About 200 000 people are
infected with yellow fever annually in the tropics of Africa and South America
(4) and causes about 30 000 deaths each year (8).
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Dengue

Dengue virus is the cause of dengue disease. The World Health Organization
documents existence of 4 serotypes of dengue virus. Infection by one serotype
allows lifelong immunity to only the specific infecting serotype. Re-infection
with another serotype can occur and lead to dengue haemorrhagic fever (9).
Although, dengue virus infection is often unapparent (10), signs and symptoms
for dengue virus infection vary from mild, non-specific symptoms to classic
dengue fever, with high fevers and severe arthralgia. The non-specific
symptoms include fever, nausea/vomiting, rash, aches and pains, abdominal
pain or tenderness, persistent vomiting, clinical fluid accumulation, mucosal
bleed, lethargy/restlessness, liver enlargement of 2 cm or more and increase in
HCT concurrent with rapid decrease in platelet count. Symptoms associated
with severe dengue include severe plasma leakage leading to dengue shock
syndrome, fluid accumulation with respiratory distress, bleeding and organ
(such as liver, Central Nervous System and heart) involvement (11). About 1—
5% of the patients will die if not adequately attended to and less than 1% of
the patients will die if adequately clinically managed (12). However, 26% of
the severely ill patients will die (13). There is no cure for dengue fever.
However, symptomatic treatment can reduce mortality from DHF to less than
1% (14). Dengue vaccine is not available for use (15), although a vaccine trial
is underway (16). Dengue disease is globally distributed in both endemic and
epidemic transmission cycles. Bhatt et al. (17) estimated that of the 96 million
dengue infections globally in 2010, 70% of them were from Asia, 14% from
the Americas and 16% from Africa (18-20).

West Nile virus

About 20% of the people who become infected with West Nile virus do not
develop any symptoms (21). Those who develop symptoms will have
headache, body aches, joint pains, vomiting, diarrhoea and rash. Most people
with this type of West Nile virus disease recover completely, but fatigue and
weakness can last for weeks or months. In its severe form, patients will
develop a serious neurologic illness whose symptoms include headache, high
fever, neck stiffness, disorientation, coma, tremors, seizures or paralysis.
About 10% of people who develop neurologic infection will die (22). There is
no treatment or vaccine for West Nile virus infection (23). However, vaccine
development is underway (24). West Nile virus infection is the most wide
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spread flavivirus, covering Africa, Europe, Asia, Australia (Kunjin), North and
South America (25).

Zika

The symptoms for Zika virus infection that were based on a limited number of
case reports and outbreak investigations (26,27) are acute onset of fever, non-
purulent conjunctivitis, headache, arthralgia, myalgia, asthenia, rash (in
general maculo-papular) and, less frequently, retro-orbital pain, anorexia,
vomiting, diarrhoea and abdominal pain. In the literature, Zika is described as
a mild, self-limiting febrile illness lasting 28 days without severe
complications, no fatalities and a low hospitalisation rate (28, 29). In a well
investigated, 2007 Zika virus infection outbreak on Yap Island in the
Federated States of Micronesia (29) the common symptoms were rash, fever,
arthralgia and conjunctivitis. The other symptoms were included myalgia,
headache and retro-orbital pain. There is no specific anti-viral treatment for
Zika virus infection and there is no vaccine (26). Zika virus infection has been
reported in Africa (Nigeria, Sierra Leone, Ivory Coast, Cameroon, Senegal,
Central Africa Republic, Uganda (26) and Kenya (30) and in Asia (Malaysia,
Pakistan, Cambodia, Thailand, Indonesia, French Polynesia and Federated
States of Micronesia (27).

Vectors

The vectors for yellow fever include Aedes africanus (in Africa) or
Haemagogus species (in the Americas) (31, 32), Aedes simpsoni and Aedes
albopictus (33). Yellow fever virus is primarily transmitted by Aedes
(Stegomyia) aegypti and Aedes (Stegomyia) africanus (34). Dengue virus is
transmitted between people by mosquito species Aedes aegypti and Aedes
albopictus (35). The main vector associated with Dengue virus is Aedes
aegypti (36). West Nile virus (WNV) is transmitted through the bites of
infective Culex mosquitoes (37-39). Zika virus is spread by the Aedes species
of mosquito including the Aedes aegypti mosquito (40). In summary, Aedes
aegypti is the main vector for yellow fever, dengue and Zika viruses, while
Culex mosquitoes is a vector for West Nile virus.
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The objectives for this study is to present a synthesis of the findings from
a yellow fever risk assessment in terms of the prevalence rates for the
arboviruses and factors associated with the infections.

OUR STUDY

Studies on arboviruses in Zambia were based on a cross sectional survey
conducted in 2013 for yellow fever risk assessment.

Study site

Zambia was administratively, divided into ten provinces. Each province was in
turn subdivided into districts. Each district was further subdivided into
constituencies and wards. For statistical purposes each ward was subdivided
into Census Supervisory Areas (CSAs) and these were in turn subdivided into
Standard Enumeration Areas (SEAs). The 2008-2010 census mapping exercise
in preparation for the 2010 census of population and housing, demarcated the
CSAs within wards, wards within constituencies and constituencies within
districts. In total, at the time of constructing the 2010 census frame, Zambia
had 74 districts, 150 constituencies, 1,421 wards. Wards were further divided
into Census Supervisory Areas (CSAs), which were in turn divided into
Standard Enumeration Areas (SEAs). The SEAs were also stratified by urban
and rural strata. The listing of SEAs had information on number of households
and the population. The study sites, North-Western and Western provinces
(see figure 1), were conveniently selected being the provinces that were
classified as areas of low potential risk of Yellow fever. Western province
borders with Angola. Western province had 7 districts with a total of 1,902
SEAs. Fishing was the main occupation in the province. The population of the
province was 854,890 (41). Meanwhile, North-Western province had borders
with Angola in the west and DR Congo in the north. A total of 1,178 SEAs
had been demarcated in North-Western province in the 6 districts of the
province. Peasantry farming (mainly cultivating maize, cotton and groundnuts)
was the major economic activity in North-Western province. It had a
population of 695,599 (41). The study area was divided into three main agro
ecological zones (42) that were classified based mainly on the rainfall patterns.
Zone | was characterized by low rainfall, short growing season, high
temperatures during the growing season, and a high risk of drought. Zone Il

Www.Ebook777.com



http://www.ebook777.com

Free ebooks ==> www.Ebook777.com

16 Mazyanga L. Mazaba, Olusegun Babaniyi, Freddie Masaninga et al.

was characterized by high rainfall, long growing season, low probability of
drought, and cooler temperatures during the growing season. Zone Il fell in
between Zones | and Il for most climatic variables. There were great
variations in the agro-ecological features (rainfall, elevation, mean
temperatures, vegetation and soils) of the three zones and within zones
themselves. The location of the ecological zones is shown figure 2. Agro-
ecological Zone | covered the Northern part of the country, Zone Il was
furthest South and Zone Il was intermediate between zones | and Ill. Our
study area was covered by Agro-ecological Zones I, I1b and 111.

Source: Central Statistical Office (40).
Figure 1. Map of Zambia showing the locations of provinces and districts.

In a demographic health survey, Central Statistical Office et al. (43)
reported that 46.9 and 53.2% of the population slept under an insecticide
treated net in the previous night to the survey in Western and North-Western
Provinces respectively.

Human seroprevalence study

Study population
This assessment was carried out among individuals aged nine months or older
located within households sampled in the selected study sites.
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Republic of Zambia
Agro-Ecological Zones

[""] Region I (Less than 800mm)

[ Region Il a (800 - 1000 mm)

[] Region 1 b (800 - 1000mm)
Region lll (Above 1000mm)

The map in based on 30 year period 1961 to 1990 Produced by the Zambia Meteorological Department 2004

UTS

Source: Zambia Meteorological Department (41).

Figure 2. Agro-ecological zones in Zambia.

Sample size, inclusion/exclusion criteria and sampling

Sample size

The sample size calculation was based on the assumption that the
seroprevalence was 7% based on the study conducted by Robinson (44). In
order to design an efficient study to compare the findings with those obtained
in that study, the sample size for the current proposed study was comparable to

the sample size done by Robinson (44).

Persons aged 5 years or older

In estimating the sample size for persons aged 5 years or older, the following
parameters were considered: a prevalence of 7%, desired precision or
confidence interval (d) of +3%, and a design effect (DE) of 2 and an 80%

response rate.

2 x 1.96°x 7 X (100 — 7)
3

Nmin

= 556

Www.Ebook777.com



http://www.ebook777.com

Free ebooks ==> www.Ebook777.com

18 Mazyanga L. Mazaba, Olusegun Babaniyi, Freddie Masaninga et al.

and applying the response rate Ny, = 556/0.8 = 695.

Considering sex, we aimed to recruit 700 male and 700 female
participants in each province. Assuming an average of 4 persons aged 5 years
or older in each household, a total of 12 households in each of the 30 cluster
was to be recruited in the survey. The total number of persons that would be
recruited from each province was 1,806, totalling 3,612 from both provinces.

Persons under the age of 5 years

The seroprevalence of children was about half that for older children, and in
estimating the sample size for persons aged below 5 years, the following
parameters were considered: a prevalence of 3.5%, desired precision or
confidence interval (d) of +3.4%, and a design effect (DE) of 2 and an 80%
response rate. The total number of persons aged less than 5 years that would
be surveyed was computed as follows:

Formula: nmin=DE x Z* x p x (1-p)
d2
where Z = 1.96

Nmin = 2 X 1.96°x 3.5 x (100 —3.5)
3.42

= 225
and applying the response rate ng, = 225/0.8 = 282. Therefore, in each
province 406 children would be recruited for the survey.

Inclusion/exclusion criteria

Any individual aged 9 months or older and who was a member of a sampled
household and resident in the study site for at least seven days. Individuals
who received yellow fever vaccination in the last ten years would be eligible
to participate in the survey.

Any person, who was either less than 9 months of age, or any person
regardless of age, who resided in the study site for a period of less than seven
days prior to the survey was excluded from the study. Determining the
seroprevalence in children under the age of nine months raises the risk of false
positive results as children under this age may still carry maternal antibodies
from immunized or exposed mothers.
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Sampling

The sample was drawn using a two-stage cluster sampling technique using
probability proportional to size. A list of SEAs in each province constituted
the sampling frame. The sampling was designed to achieve fairly good
estimates at the provincial level of analysis, and not representing the
subdivisions of the province.

First stage selection

At the first sampling stage, the sampled SEAs were selected with probability
to size (PPS) from the ordered list of SEAs on the census 2010 sampling
frame. The measure of size for each SEA was based on the household size
identified in the 2010 Census (41). In order to ensure representation from all
administrative areas, the frame was sorted by district, constituency, region,
CSA and SEA.

Second stage selection

In each selected cluster, the first household that was selected was located in
the middle of the cluster. The direction that followed from the middle of the
cluster was selected at random. The remaining participants were selected in
that direction. If the number of participants was not met, the team got back to
the middle of the cluster and selected a direction at random and went in that
direction until the required number of participants was surveyed. Figure 3
shows the distribution of the surveyed households.

Study variables

Dependent variables

A case with evidence of yellow fever exposure was defined as any individual
aged 9 months or older whose blood sample was confirmed to have yellow
fever exposure through any of the following: Detection of yellow fever virus-
specific 1gG and IgM antibodies with yellow fever virus-specific neutralizing
antibodies at least four-fold higher than neutralizing antibodies against other
flaviviruses. Yellow fever exposure status was therefore determined by way of
laboratory testing as ‘positive’ for a respondent with laboratory evidence of
yellow fever exposure or as ‘negative’ for a respondent who did not have
laboratory evidence of yellow fever exposure or as “indeterminate” for a
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respondent with a less than a four-fold difference in titters between yellow

fever and other flaviviruses.

bl S

Households Surveyed:

Including districts where Aedes,
é spp were found

+  Households Surveyed
@ Acdessites
Legend

[ oistrict boundaries
[ Provincial boundaries

240

Figure 3. Distribution of surveyed households.

Independent variables

The independent variables included demographic data: age, sex, occupation,
history and time of yellow fever vaccination, and use of mosquito preventive
measures. For the purposes of the sero-survey, a vaccinated person against
yellow fever was defined as a person with a valid yellow fever vaccination

certificate.

Figure 4. Blood collection from a participant by venepuncture.
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Laboratory procedure

Each study participant was assigned a study number and the corresponding
blood sample was labeled with the same study number. The study number was
linked to the laboratory result and questionnaire. About 3 to 5 millilitres of
blood was collected from each participant by venepuncture and collected in an
EDTA tube (see figure 4). The samples were transported to a field laboratory
on ice, where plasma was separated into labelled cryovials (see figure 5). At
the close of the field work, the samples were transported to the University
Teaching Hospital Virology Laboratory (UTHVL) for testing.

Figure 5. Separation of plasma into labelled cryovials.
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Each plasma sample was tested for both yellow fever virus-specific 1gG
and IgM antibodies by the ELISA method described in the (45) at the UTHVL.
All yellow fever virus 1gG positive and IgM positive specimens were referred
to the Institute Pasteur in Dakar, Senegal which serves as the World Health
Organization Africa region reference laboratory for yellow fever. In Dakar, the
specimens were subjected to repeat yellow fever virus-specific IgG and IgM
Enzyme Linked Immunoassay (ELISA) testing in order to reconfirm the
primary results. They were also assessed for IgG and IgM antibodies against
other flaviviruses known to cause haemorrhagic fever-like disease including
Dengue, Zika and West Nile viruses that are also known to elicit cross-
reactivity in antibody ELISA tests. All samples giving a yellow fever virus-
specific antibody positive result either in Lusaka or Dakar, were analysed for
yellow fever virus neutralising antibodies by Plaque Reduction Neutralisation
Testing (PRNT) using standard methods.

Interpretation of laboratory results

Participants with PRNT titres >1:10 were considered as being yellow fever
seropositive, while those having PRNT titres >1:20 were considered to have
seroprotective levels of antibodies against yellow fever virus either through
natural infection or through vaccination. Those participants who were found to
have Immunoglobulin (Ig) M or G antibodies to dengue, West Nile and Zika
viruses were considered as having had the respective diseases.

Data collection and quality control

A detailed semi structured questionnaire was used to collect information. The
questionnaires were pre-tested to validate the appropriateness of the questions
to capture the required information. During the data collection process,
questionnaires were checked for inconsistencies and completeness on a daily
basis. All data were entered in an Epi-Info data entry screen that had
consistency and range checks embedded in it. Further editing was conducted
by running frequencies during the analysis stage. Epi data files were exported
to SPSS for data analysis.
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Data analysis

The data was summarized to describe the occurrence of arboviruses infected
individuals in absolute numbers and percentage by place (residence, travel or
work) and person (age, sex, occupation). Further analysis was conducted to
determine independent factors associated with arboviruses seropositivity. Odds
ratios were used to estimate the magnitude of associations.

Ethical considerations in the human seroprevalence study

Ethical clearance was sought from the Tropical Diseases Research Centre
Research Ethics Committee, and ethical standards were adhered to throughout
this study. Information obtained from the study participants was treated as
confidential through the use of anonymous identifiers and restricting the
access to collected data only to people directly involved in the study.
Respondents were provided with information on possible study risks, for
example pain and swelling at the venous-puncture site. In addition information
on study benefits like: providing information on yellow fever and its
prevention was also provided. Further, the collective benefit of the study of
informing the national yellow fever policy was highlighted to the study
participants. Informed consent was sought from study participants. Guardians
provided assent for the participation of persons under the consenting age. They
were asked to read or have read to them, understand and sign/thumbprint an
informed consent form. Responsible adults in the household were identified to
give proxy consent on behalf of minors. Study participants were informed that
their individual test results were not to be relayed to them since the results
were not linked to individual participants due to use of unique identifiers and
in addition, past exposure to YF carries no future risk.

Socio-mobilisation and community engagement

Before data and specimen collection in any cluster, the community leaders and
members were engaged to explain the nature and intention of the study (see
figure 6). It was emphasized that participation was voluntary.
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Figure 6. Social mobilization and community engagement.

Mosquitoes study

All three agro-ecological zones were considered for mosquito sampling. Each
zone had unique features which affected the types and abundance of
mosquitoes present. Attempts were made to collect mosquitoes in all zones
with a preference for collecting mosquitoes from at least two distinct areas
within each zone. Mosquitoes were identified and sorted in mono-specific
batch and, if appropriate, tested for the presence of yellow fever virus by RT-
PCR. In addition to sampling adult mosquitoes, larvae was sampled especially
in urban centers but also in forested and intermediate areas to the towns, in
order to identify more clearly the types of mosquito species in the
environment.

Sample size and sampling in the mosquito survey

Attempts were made to collect mosquitoes in all zones since each selected
zone contained unique features that could affect types and abundance of
mosquitoes present in the area. Eight sampling sites from each province were
selected. Adult and larval forms of mosquitoes were sampled in various sites
in urban and peri-urban, forest and along plains and on island of the study
areas in order to identify the types of mosquito species that occurred in the
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sampled areas. In order to obtain current information on the level of yellow
fever viral circulation in the selected provinces, different sampling techniques
were used to sample the mosquito populations. Mosquitoes were sampled
around all the 12 selected households in the human survey in each Cluster.

Adult mosquito sampling

Adult mosquitoes were sampled by three groups of researchers (three to four
persons per team), who were vaccinated against yellow fever virus and
received prior chemoprophylaxis against malaria. Sampling methods that were
used were backpack aspirators, aspiration using a mouth aspirator tube, CDC
light trap and the Gravid Light traps. Mosquito collections were made inside
and outside households.

Indoor adult: Resting mosquitoes were collected by an aspirator (back
pack or the use of a mouth aspirator tube) using a torch to locate them.
Knockdown spray catch with a pyrethroids insecticide in randomly selected
dwellings were also done commencing at 06.00 hours.

Outdoor: Mosquitoes were captured using backpack aspirator; CDC light
trap and Gravid light trap for collecting gravid (egg-laying) females to
increase the chance for virus isolation. Sampling outdoor with back pack
aspirator was done between 16.00 and 19.00 hours.

Figure 7. Containers holding water located outside house.
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Larvae/pupae sampling

Larval sampling was done in selected premises in each locality visited.
Containers holding water located outside (such as the ones displayed in
figure 7) and inside households (domestic and peri-domestic) were inspected
for larvae/pupae in each cluster visited in order to estimate risk indices.

Figure 8. Scooping mosquito larvae from large water bodies onto white trays.

Scoops were used to collect/transfer mosquito larvae from large water
bodies onto white trays (see figure 8) from where larvae were pipetted into
bottles labelled with information on date, province, cluster name, site of
collection in order to identify the source of the larvae. In the domestic
environment, artificial and natural mosquito breeding site were inspected.

An attempt was made to count larvae and pupae in each container found
positive to estimate absolute population density per habitation unit. Larvae
were counted directly for small quantity and estimated using a correlation
between the mean number of larvae in deeper and the total volume of the
water in the container.

Specific entomological activities conducted in the assessment
Containers with at least one larva or pupa were considered as positive and
these larvae were sent to the insectary at the Tropical Diseases Research
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Centre for rearing and identification of the emerging adult stages. Samples
reared in the insectary allowed an estimation of the population sex ratio and
the density of mosquito females in relation to human population density.

The following observations were made: (a) Mosquito species breeding
inside/outside houses, (b) The proximity of the houses to potential vector
breeding sites i.e., how far the houses were located from forests/woodlands, or
any plantations where vectors could be breeding, (c) Eggs of any possible
vectors breeding in the vicinity of houses and also in forests/
woodlands/plantations, (d) Adult mosquitoes resting in vegetation around
houses and at the periphery of woodlands/forests and in plantations, (e) Adult
mosquitoes flying in the evening, dawn and at night in and outside households
and in woodlands/forests and (f) Any possible animals that could serve as
reservoirs of yellow fever virus.

Investigating viral infection in yellow fever mosquito vectors

Assessment of mosquitoes involved the determination of mosquito species
around the selected 12 households per cluster in the same households where
human survey was conducted. A record was kept of each mosquito in order to
determine overall number of each species captured. Special focus was placed
on mosquitoes involved in yellow fever viral transmission. Sixty adult Aedes
species mosquitoes were airfreighted at -80°Con dry ice to Institute Pasteur in
Dakar, Senegal to test for the presence of yellow fever virus by Reverse
Transcriptase Polymerase Chain reaction technique.

Sample treatment, processing and testing for yellow fever mosquito
vectors

Mosquito species collected as either larvae or pupae were reared to the adult
stage and identified using various morphological keys. This meant that larvae
and pupae collected in the field were kept at least for 4-6 days to obtain
emerging adults. All adult mosquitoes collected from the field were sorted and
pooled according to the selected clusters, sex and stored in liquid nitrogen.
Adult mosquitoes emerging from the larvae/pupa were sorted accordingly and
stored at -80°C until virological tests were completed. For testing of
mosquitoes for yellow fever virus, similar species identified were chilled and
pooled in maximum 10 mosquitoes per vial and sent to Institute Dakar where
they were analysed.
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Questionnaire of indoor residual spraying

The human seroprevalence questionnaire contained two questions related to
vector control: “Have you slept under a mosquito net the past two weeks?”” and
“Has your house been sprayed just before the current rainy season?”’

Training

Training of field staff was conducted in Ndola in Copperbelt province for a
week before the commencement of the main study in North-Western and
Western Provinces. The training was facilitated by epidemiologists and
medical entomologists, experts from the World health Organisation and Inter-
Country Support Team (IST) Harare, Zimbabwe, WHO country
office/Zambia, Tropical Diseases Research Centre and Institute Pasteur of
Dakar, Senegal facilitated through 1IST/West Africa.

Figure 9. Aedes species.

Entomologic data management and analysis

Vector identification was done using entomological keys (46). Data were
stored in Excel software. To assess the entomological epidemic potential of
yellow fever disease in Zambia in each selected site we calculated Aedes
aegypti (Figure 9) larval density or Breteau index (BI) in domestic
environments. The Bl (% container positive with larvae/habitation unit) was
an indirect measure of vector density which helps to infer an epidemic risk (Bl
> 5% indicates epidemic risk). We calculated House Index (HI) and Cluster
Index (CI). The parameter of container index, which is the percentage of
containers where larvae were found, was used to find out the presence of
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disease-causing mosquitoes. Container index above 10% was considered high
and problematic.

Ethical considerations for sampling mosquitoes

Ethical clearance to conduct the survey was granted by the Tropical Diseases
Research Centre, Research Ethics Committee. Ethical standards were adhered
to throughout this study. All team members involved with the mosquito survey
and collection were trained and vaccinated against yellow fever and had
prophylactic anti-malarials according to national guidelines. Oral informed
consent was obtained from heads of the households in which larval and adult
mosquito collection was undertaken. Also, consent was obtained from field
collectors participating in entomological assessment. Thus, written informed
consent was obtained from all team members and local personnel involved in
the mosquito survey and collection.

Yellow fever Recent Infections

4 YF Recent Infection
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Figure 10. Distribution of recent yellow fever virus infection.
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Figure 11. Distribution of old yellow fever virus infection.
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Figure 12. Distribution of old dengue virus infection.
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West Nile Old Infections
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Figure 13. Distribution of old West Nile virus infection.
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Figure 14. Distribution of old Zika virus infection.
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Table 1. Prevalence of arboviruses in North-Western and Western
provinces in Zambia

Total Male Female
Arboviruses n (%) n (%) n (%) p value
Yellow fever virus new infections
Yes 6 (0.2) 4(0.2) 2(0.1) 0.427
No 3618 (99.8) 1665 (99.8) 1899 (99.9)
Yellow fever virus old infections
Yes 12 (0.3) 8 (0.5) 4(0.2) 0.246
No 3612 (99.7) 1661 (99.5) 1897 (99.8)
Prevalence of yellow fever virus 18 (0.5) 12 (0.7) 6 (0.3) 0.101
infection
Total 3624 1669 1901
Dengue new infections
Yes 0 (0) 0(0) 0(0) -
No 3624 (100) 1668 (100) 1902 (100)
Dengue old infections
Yes 149 (4.1) 69 (4.1) 78 (4.1) 1.000
No 3475 (95.9) 1599 (95.9) 1824 (95.9)
Prevalence of dengue virus 149 (4.1) 69 (4.1) 78 (4.1) 1.000
infection
Total 3624 1668 1902
Total
West Nile new infections
Yes 2(0.1) 2(0.1) 0 (0) 0.218
No 3623 (99.9) 1667 (99.9) 1902 (100)
West Nile old infections
Yes 370 (10.2) 174 (10.4) 195 (10.3)  0.909
No 3255 (89.8) 1495 (89.6) 1707 (89.7)
Prevalence of West Nile virus 372 (10.3) 176 (10.5) 195 (10.3) 0.817
infection
Total 3625 1669 1902
Zika new infections
Yes 0(0) 0(0) 0(0) -
No 3625 (100) 1669 (100) 1902 (100)
Zika old infections
Yes 217 (6.0) 100 (6.0) 116 (6.1) 0.893
No 3408 (94.0) 1569 (100) 1786 (93.9)
Prevalence of Zika virus infection 217 (6.0) 100 (6.0) 116 (6.1) 0.893
Total 3408 (94.0) 1669 1902
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OUR FINDINGS

The most common arboviruses infections were West Nile (10.3%) and Zika
virus infection (6.0%). The prevalence for dengue virus infection was 4.1%
and that for yellow fever was 0.5%. No association was observed between sex
and arboviruses infection. Both recent and old infections were observed for
yellow fever, 0.2% and 0.3%, respectively and West Nile, 0.1% and 10.2%,
respectively.

No recent infections were noted for both dengue and Zika virus infection.
These results are shown in table 1 and figures 10-14. Altogether, 5 (0.1%) of
the participants were positive for all the four arboviruses, 6.3% of the
participants were positive for 2 or more arboviruses and 11.5% were positive
for any arboviruses (see table 2).

Table 2. Prevalence rates for combinations of arboviruses in North-
Western and Western provinces of Zambia

Combinations of arboviruses* Positive n (%)
0 3206 (88.5)

1 184 (5.1)

2 132 (3.6)

3 96 (2.6)

4 5(0.1)

" Combinations were for Yellow fever, Dengue, West Nile and Zika viruses.

The study was not powered to conduct correlates for yellow fever. Table 3
shows correlates for dengue, West Nile and Zika arboviruses infection.
Consistently, persons aged less than 5 years were about 63% less likely to
have any arbovirus infection compared to persons aged 45 years or older.
While persons aged 35-44 years were equally likely to have any arbovirus
infection as those aged 45 years or older for dengue and Zika, persona aged
35-44 years were 41% more likely to have West Nile virus infection compared
to those aged 45 years or older. Education was only significantly related to
West Nile virus infection. Participants who attained primary level of education
were 32% (AOR= 1.32; 95%CI [1.01-1.72]) more likely to have West Nile
virus infection compared to those who attained tertiary level of education.
Respondents who were engaged in farming were 20% (AOR=0.80; 95% ClI
[0.64, 0.99] less likely to have West Nile virus infection compared to
respondents who were students.
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Table 3. Correlates in multivariate analysis for prevalence of arboviruses
in North-Western and Western province of Zambia

Factor

Adjusted odds ratio (95% Confidence interval)

Dengue

West Nile

Zika

Age (years)
<5
5-14
15-24
25-34
35-44
45+
Sex
Male
Female
Education
None
Primary
Secondary
Tertiary
Occupation
House wife/husband
Farming
Other
Student
Use of an insecticide
treated net
Yes
No

In-door residual spraying

Yes
No

Visited Angola
Yes
No

Visited DR Congo
Yes
No

Roof type
Grass
Iron sheet
Asbestos

0.37 (0.16, 0.86)
0.92 (0.62, 1.38)
0.98 (0.65, 1.47)
1.38 (0.94, 2.03)
0.94 (0.59, 1.50)
1

1.21 (1.01, 1.44)
1

1.73 (1.27, 2.35)
1

2.28 (1.15, 4.53)
0.98 (0.49, 1.99)
1

0.38 (0.20-0.73)
0.73 (0.50-1.08)
1.07 (0.82-1.42)
1.06 (0.77-1.48)
1.41 (1.01-1.97)
1

0.83 (0.60-1.15)
1.32 (1.01-1.72)
0.98 (0.74-1.30)
1

1.13 (0.85-1.51)
0.80 (0.64-0.99)
1.35 (1.02-1.79)
1

1.13 (1.00-1.27)
1
0.81 (0.69-0.95)
1
1.40 (1.09, 1.81)
1

0.28 (0.10, 0.74)
1

2.97 (1.81-4.88)
0.96 (0.58-1.58)
1

0.36 (0.18, 0.72)
0.76 (0.54, 1.08)
0.91 (0.64, 1.28)
1.20 0.86, 1.68)
1.27 (0.89, 1.82)
1

0.81 (0.66, 0.99)
1
1.42 (1.06, 1.90)

1

2.03 (1.24, 3.33)
0.85 (0.51, 1.43)
1

Participants who used ITNs were more likely to have dengue or West Nile
virus infection compared to those who did not use ITNs. Respondents who had
in-door residual spraying were 19% less likely to have West Nile or Zika virus
infection compared to respondents who did not have in-door residual spraying.
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Visiting Angola was significantly associated with increased risk for
dengue West Nile and Zika arboviruses infections. Respondents who visited
DR Congo were 72% (AOR=0.28; 95% CI [0.10, 0.74]) less likely to have
West Nile virus infection compared to those who did not visit DR Congo.

Consistently, participants who stayed in houses that had grass roof were 2-
3 times more likely to have any of the arboviruses infection compared to those
who lived in houses with asbestos roofs. Participants who lived in houses with
iron sheet roof were equally likely to have any arboviruses infection as those
who lived in houses with asbestos roof.

A total of 1,401 adult mosquitoes were collected comprising 405 (28.9%)
Aedes, 518 (37.0%) Anopheles, 471 (33.6%) Culex and 71 (5.1%) Mansonia.
The two main yellow fever vectors found in the study area were
Ae.(Stegomyia) aegypti and Ae. (Stegomyia) africanus. Also found in the
study area were Aedes (Aedimorphus) mutilus, Ae. (aedimorphus) minutus
and Ae. (Finlaya) wellmani.

DiscussiON

The current study reports a comprehensive distribution of four arboviruses, all
of genus Flavivirus, in North-Western and Western provinces. The prevalence
rates were 10.3% for West Nile, 6.0% for Zika, 4.1% for dengue and 0.5% for
yellow fever. No recent infections were observed for dengue and Zika viruses.
In a study conducted in three rural districts of Kenya, Mease et al. (47)
reported prevalence rates for West Nile of 9.5%, dengue 14.4% and yellow
fever 9.2% in 2004. In the 1966-1968 Kenyan study, the most prevalent
arboviruses were West Nile with a prevalence of 23.8%, followed by Zika
(17.6%), dengue (17.3%) and lastly yellow fever (14.3%) (30). In another
study in rural Cameroon, the prevalence of yellow fever (26.9%) was higher
than that for West Nile (6.6%) (48). Dominant arboviruses infections varied in
different surveys. Differences in rates may partly be due to different laboratory
tests that were conducted and different stages of the epidemic. In the
Cameroonian study, the plague-reduction neutralization test was used. The
2004 Kenyan study used IgG antibodies to test the samples and in the 1966-
1968 Kenya study the haemagglutination-inhibition test was used. The
Zambian samples were subjected to both 1gG and IgM antibody tests and
PRNT. Differences in the power of the study may partly explain the different
rates that have been observed between studies. Since tests for arboviruses
cross react with each other, it is important that confirmatory tests be
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conducted, and it’s none use by some studies may have led to different test
results. Given that the study design allowed for computation of point
prevalence, the observed rates may be an underestimate for the true prevalence
because only those who survived the arboviruses infection were considered in
the study.

The finding that about 1 in 20 participants were positive for two or more
arboviruses indicates the need to test for more than one arbovirus. This will
ensure that patients receive comprehensive management of the infections.

Correlates for arboviruses generally differed between arboviruses,
indicating the need to design interventions to control arboviruses infections
that are arboviru-specific. However consistently across all the arboviruses,
visiting Angola was associated with increased risk for arboviruses. Recently,
Angola reported epidemics for Dengue (49). Stoddard et al. (50) and Reiter
(51) have argued that human movement is an important factor in the
transportation of vectors and pathogens.

The finding that participants aged less than 5 years were less likely to
have arboviruses infections compared to older participants cut across all
infections suggests that these individuals may have had maternal protection.
However, Ministry of Health (52) reported that about a third of children of age
24-59 months had malaria parasites in the 2010 Malaria Indicator Survey,
suggesting that children in this age group are susceptible to mosquito bites that
may transmit arboviruses. Another finding that cut across all infections was
that participants who lived in houses with grass roof type were more likely to
have infections compared to those who lived in houses with roofs made of
asbestos. It is possible that grass roof type offers favourable house
environment for mosquitoes in our study area.

The finding of two main vectors for yellow fever (Ae.(Stegomyia) aegypti
and Ae. (Stegomyia) africanus) indicates that there is a possibility of
sustaining the virus if it was imported into the study area. Interventions mainly
placed for malaria control including insecticide residual spraying and
insecticide treated nets are in place but with only about half the population in
our study sites using insecticide treated nets (43), the other half of the
population or more remain susceptible to arbovirus infections.

We may assume that factors that could have contributed to the risk of
arbovirus infection in the population under study include the activities of the
vectors, that of the human host and a possible bias in answering the
questionnaire on use of ITNs. Aedes aegypti generally bites during the day
(53) and therefore the use of ITNs would not be expected to provide a barrier
between the humans and the transmitting vector. Considering the outdoor
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activities participated in during the day such as farming, fishing, and
socialising, the population may be at risk of being bitten by the vector.

Worthwhile to note is that subsequent infections with dengue increases the
severity of disease and if interventions are not timely put in place, Zambia
risks a dengue outbreak. In conclusion, the factors: roof type and visiting
Angola in addition to arbovirus-specific correlates should be considered in
developing interventions to control arboviruses in North-Western and Western
provinces of Zambia.
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Yellow fever virus infection is a public health problem in Africa. North-
Western province of Zambia was reclassified from a no risk to a low risk
area for YF in 2010. To ascertain this reclassification, an assessment for
the risk of YF was conducted in 2013 in North-Western province. A total
of 1,754 persons took part in the survey of which 48.8% were males.
Overall, 15.8% of the participants were of age 45 years or older.
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Significantly more males (37.4%) than females (26.0%) had attained
secondary or higher levels of education. Nine (0.5%) out of 1,754
participants had YF virus infection. Of the 9 cases, 4 were old infection
and 5 were new. There were 6 Male and 3 female cases. The age range of
the cases was 37-81 years. None of the cases had jaundice or bled but 3
had fever. Three cases had travelled to Congo DR and 1 case had
travelled to Angola. Use of mosquito net was reported by 4 cases and
another 4 cases reported that their houses were sprayed with IRS. The
prevalence of YF virus infection among participants of ages 45 years or
older (2.9%) was significantly (p<0.001) higher than that for participants
aged less than 45 year (0.1%). North-Western province was experiencing
an epidemic for YF virus infection. With a low prevalence, the area
qualifies to be classified as a low risk for YF. Efforts to curb the epidemic
are urgently needed. Yellow fever surveillance and the capacity of
laboratories to diagnose YF should be strengthened.

INTRODUCTION

Yellow fever virus infection is a public health problem in Africa. Epidemics of
YF have spread from West Africa (1,2) where 13 of 14 west African countries
reported YFV infection from 2000 to 2006 (3,4,5) to North Africa (6), East
Africa (7), Central Africa and Southern Africa (8).

Yellow fever affects about 200000 people annually in the tropics of Africa
and South America (9). Symptoms for YF virus infection includes: fever,
chills, severe headache, back pain, general body aches, nausea, vomiting,
fatigue and weakness to severe liver disease with bleeding. About 15% of
cases progress to a more severe form of the disease that is characterized by
high fever, jaundice, bleeding, and eventually shock and failure of multiple
organs (10). There is no treatment for yellow fever and only symptoms can be
alleviated. YF virus infection can be prevented by using insect repellent,
wearing protective clothing, and getting vaccinated.

Although by 2005, Yellow fever was endemic in Congo DR, the area of
Congo DR bordering North-Western was classified as a low risk area for YF
(11). North-Western province of Zambia was reclassified by WHO from a no
risk area to a low risk area for YF in 2010 (8). To ascertain this
reclassification, an assessment for the risk of YF was conducted in 2013 in
North-Western province.
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OUR STUDY

The study was conducted in North-Western province of Zambia. North-
Western province borders with Angola on the western side and Democratic
Republic of Congo (DRC) on the northern side with 6 districts divided into
1,178 Standard Enumeration Areas (SEAS). The 2010 census reveals a
population of 706,462 with population density of 5.6 (12). The main economic
activity was pineapple growing, with fast growing mining activities. Zambia
Demographic Health Survey, 2007 reports 46.9 and 53.2% of the population
sleeping under a net in the past night in Western and North Western Provinces
respectively (13).

This assessment was carried out among individuals aged nine months or
older. The sample size calculation was based on the assumption that the sero-
prevalence was 7% based on the study conducted by Robinson (14).

In estimating the sample size for persons aged 5 years or older, the
following parameters were considered: a prevalence of 7%, desired precision
or confidence interval (d) of +3%, and a design effect (DE) of 2 and an 80%
response rate. Considering sex, we aimed to recruit 700 male and 700 female
participants in each province. Assuming an average of 4 persons aged 5 years
or older in each household, a total of 12 households in each of the 30 cluster
were to be recruited in the survey. The total number of persons that would be
recruited was 1806.

The sero-prevalence of children was about half that for older children, and
in estimating the sample size for persons aged below 5 years, the following
parameters were considered: a prevalence of 3.5%, desired precision or
confidence interval (d) of +3.4%, and a design effect (DE) of 2 and an 80%
response rate. The computed sample size was 282. Therefore, 406 children
would be recruited for the survey.

The sample was drawn using a two-stage cluster sampling technique using
probability proportional to size. A list of the standard enumeration areas
(SEAs) in each province constituted the sampling frame.

Data were entered in an Epi-Info data entry screen that had consistency
and range checks embedded in it. Further editing was conducted by running
frequencies during the analysis stage. Epi data files were exported to SPSS for
data analysis. The chi-square test was used to determine associations between
qualitative factors. The cut off point for statistical significance was set at the
5% level.

Ethical clearance was sought from the Tropical Diseases Research Centre
Research Ethics Committee, and ethical standards were adhered to throughout

Www.Ebook777.com



http://www.ebook777.com

Free ebooks ==> www.Ebook777.com

44  Olusegun Babaniyi, Mazyanga L. Mazaba, Freddie Masaninga et al.

this study. Informed consent was sought from study participants. Guardians
provided assent for the participation of the persons under the consenting age.
They were asked to read or have read to them, understand and sign/thumbprint
an informed consent form. Responsible adults in the household were identified
to give proxy consent on behalf of minors.

OUR FINDINGS

A total of 1,754 persons took part in the survey of which 48.8% were males.
Overall, 15.8% of the participants were of age 45 years or older. Significantly
more males (37.4%) than females (26.0%) had attained secondary or higher
levels of education. These results are shown in table 1.

Table 1. Sample description for the participants in yellow fever risk
assessment, 2013

Total Male Female
Factor n (%) n (%) n (%) p value
Age (years)
<45 1476 (84.2) 703 (82.4) 2769 (85.7) 0.067
45+ 278 (15.8) 150 (17.6) 128 (14.3)
Sex
Male 854 (48.8)
Female 897 (51.2)
Education
None or 1182 (68.4) 525 (62.6) 654 (74.0) <0.001
primary
Secondary or 545 (31.6) 314 (37.4) 230 (26.0)
higher
Yellow fever
Yes 9(0.5) 6 (0.7) 3(0.3) 0.459
No 1745 (99.5) 848 (99.3) 893(99.7)

Nine (0.5%) out of 1754 participants had YF virus infection. Of the 9
cases, 4 were old infection and 5 were new. There were 6 Male and 3 female
cases. The age range of the cases was 37-81 years. None of the cases had
jaundice or bled but 3 had fever.

Three of the cases had no formal education, 4 attained primary level of
education and 2 attained secondary level of education. Three cases lived in
houses that had roofs made of grass, 5 had roofs made of iron sheets and 1
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lived in a house that had a roof made of ashestos. Walls for houses for the
cases were made of mud (2), cement plastered (10 and unburnt bricks (6).

Three cases had travelled to Congo DR and 1 case had travelled to
Angola. Use of mosquito net was reported by 4 cases and another 4 cases
reported that their houses were sprayed with IRS.

None of the factors considered in the analysis was significantly associated
with YF virus infection except age. The prevalence of YF virus infection
among participants of ages 45 years or older (2.9) was significantly (p<0.001)
higher than that for participants aged less than 45 year (0.1%).

DiscussiON

Yellow fever virus was circulating in North-Western province with a
prevalence of 0.5%. Both new and old cases were identified in the study area.
All the cases of Yellow fever were adults and none of the cases had been
vaccinated against YF virus. This survey was conducted 50 years after the last
survey of YF virus risk assessment was conducted.

The prevalence of the infection in the current study is less than the 7% that
was reported by Robinson (14). The difference in the prevalence could partly
be due to differences in the stages of the epidemic at the time of the survey. It
might be that North-Western province was in the early stage of the epidemic,
while 50 years ago when that study was conducted the area was at an advanced
stage of the epidemic. Another possibility for the difference could be that
Western province that is not part of the current study could have had a higher
proportion of the 7% prevalence.

All the cases of YF in the current study were adults. This finding
contradicts the observation that children are more affected than adults because
adults could have acquired immunity in a Yellow fever endemic area (15).
However, the finding in the current study that adults were more affected is in
agreement with the finding by Geser et al. (16) which suggests that stable rates
of transmission in the population.

In conclusion, North-Western province was experiencing an epidemic for
YF virus infection. With a low prevalence, the area qualifies to be classified as
a low risk for YF. Efforts to curb the epidemic are urgently needed. Yellow
fever surveillance and the capacity of laboratories to diagnose YF should be
strengthened.
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The factors associated with Dengue fever may not be well understood but
documentation cites an association with demographic and societal
changes over the past 50 years. Information on dengue virus infection in
North-Western province is lacking. The objective of the study was to
determine the prevalence and correlates for dengue virus infection in the
province. Secondary data obtained in a yellow fever risk assessment was
used in the study. Logistic regression analysis was used to determine
magnitudes of associations. A total of 1,755 participants had both
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laboratory results and filled in the questionnaires. The results indicated
that 1.0% of participants had previous dengue infection with no sex
difference (p=0.729). Visiting Angola was significantly associated with
previous dengue infection (OR= 2.73; 95% CI [1.55, 4.83]). This study
provides evidence of dengue virus circulation and its association with
travel to Angola. There is need for active surveillance and adequate
diagnostic systems.

INTRODUCTION

Dengue fever caused by dengue virus of genus Flavivirus and family
Flaviviridae is a leading cause of morbidity and mortality in the tropics and
subtropics posing a risk to one third of the world’s population living in these
areas (1, 2). The virus is transmitted to humans through the bite of a mosquito,
primarily Aedes Aegypti and Aedes albopictus (2). Until the middle of the 20"
century, dengue was a relatively minor, geographically restricted disease (3-4).
Pandemic Dengue begun in Southeast Asia in the mid 1940’s after the second
World War, has intensified in the last 15 years, (5) and has become endemic in
more than 100 countries in Africa, the Americas, the Eastern Mediterranean,
South-east Asia and the Western Pacific with the American, South-east Asia
and the Western Pacific regions affected most seriously (6-8). Based on data
submitted by WHO member states mostly affected by dengue indicates cases
exceeding 1.2 million in 2008 and 2.3 million in 2010 (9). In Africa,
documentation indicates dengue epidemics occurring as far back as 1927 (10)
and increasing activity since 1980 (11). Angola and Kenya continued to
experience dengue outbreaks in 2013 (12).

The factors associated with Dengue fever may not be well understood but
documentation cites an association with demographic and societal changes
over the past 50 years (13, 14). Factors including sex, age, urbanization and
mobility of people have been associated with increased dengue fever.

The difference in incidence of dengue fever in relation to sex is attributed
exposure to the vector (mosquito) (15). Most studies indicate risk of dengue
fever increasing with age, urbanization and travel (9, 16-20). Older children
and adults are more disposed to dengue fever (6). WHO documents that the
increased mobility of people has contributed to the increase in the number of
epidemics and circulating viruses (9).

Persons with chronic diseases including diabetes and asthma are likely to
encounter complicated disease which is life threatening (21). Once infected
with dengue, IgG antibodies and detectable after 10 to 14 days of onset and
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one acquires lifetime immunity to the specific serotype. Infection with another
serotype also increases chances of severity (22). This paper describes the
association, if any, of factors including age, sex, education and travel with
dengue fever in North-Western province of Zambia.

OUR STUDY

North-Western province borders with Angola on the western side and
Democratic Republic of Congo (DRC) (see figure 1) on the northern side with
6 districts divided into 1,178 Standard Enumeration Areas (SEAs). The 2010
census reveals a population of 706,462 with population density of 5.6. The
main economic activity was pineapple growing, with fast growing mining
activities in one of the districts, Solwezi (23). Central Statistical Office (CSO)
(24) reported in 2007 that 53.2% of the population slept under a net in the past
night in North-Western province (24).
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Figure 1. Map of Zambia showing provinces and bordering countries.
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Study population, Sample size, inclusion/exclusion criteria and
sampling

This assessment was carried out among individuals aged nine months or older.
The sample size calculation was based on the assumption that the sero-
prevalence was 7% based on the study on Yellow fever conducted by
Robinson, 1950 (25). For persons aged 5 years or older the following
parameters were considered in estimating the sample size, a prevalence of 7%,
desired precision or confidence interval (d) of +3%, and a design effect (DE)
of 2 and an 80% response rate. The study aimed to recruit 700 male and 700
female participants in each province. A total of 12 households in each of the
30 clusters, assuming an average of 4 persons aged 5 years or older in each
household, were to be recruited in the survey. The total number of persons that
would be recruited from each province was 1,806, totalling 3,612 from both
provinces.

The sero-prevalence of children below five years was about half that for
older children, and in estimating the sample size for persons aged below 5
years, the following parameters were considered: a prevalence of 3.5%,
desired precision or confidence interval (d) of +3.4%, and a design effect (DE)
of 2 and an 80% response rate. The computed sample size was 282. A total of
406 children would be recruited in each province for the survey.

Any individual aged 9 months or older and who was a member of a
sampled household and resident in the study site for at least seven days.
Individuals who received YF vaccination in the last ten years would be eligible
to participate in the survey. Exclusion criteria left out any person, who was
either less than 9 months of age, or any person regardless of age, who resided
in the study site for a period of less than seven days prior to the survey.
Children under the age of nine months raises the risk of false positive results
as children under this age may still carry maternal antibodies from immunized
or exposed mothers.

A two-stage cluster sampling technique using probability proportional to
size was used to draw the sample. A list of the standard enumeration areas
(SEAs) in each province constituted the sampling frame. The sampling was
designed to achieve fairly good estimates at the provincial level of analysis,
and not representing the subdivisions of the province.
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Study variables

Dependent variable

A case with evidence of Dengue infection exposure was defined as any
individual aged 9 months or older whose blood sample was confirmed to have
Dengue virus exposure through the detection of Dengue virus-specific 1gG and
IgM antibodies.

Independent variables
The independent variables included age, sex, occupation, history of travel to
Angola and/or DRC, and use of mosquito preventive measures.

Laboratory procedure

About 3 to 5 millilitres of blood was collected by venepuncture into an EDTA
vacutainer tube and transported on cold chain to the local laboratories for
serum separation and storage. Samples were subjected to primary testing
(YFV specific IgG and IgM) at the University of Teaching Hospital in Zambia
virology unit and Institute Pasteur, Dakar. All presumptive YFV-specific IgG
and IgM samples were subjected to IgG and IgM antibodies against other
flaviviruses known to cause haemorrhagic fever-like disease including dengue.

Data management and analysis

Data were entered in an Epi-Info data entry screen that had consistency and
range checks embedded in it. Further editing was conducted by running
frequencies during the analysis stage. Epi data files were exported to SPSS for
data analysis. The data was summarized to describe the occurrence of dengue
virus exposed individuals in absolute numbers and percentage by place
(residence, travel or work) and person (age, sex, occupation). Further analysis
was conducted to determine independent factors associated with yellow fever
sero-positivity. Odds ratios were used to estimate the magnitude of
associations.

Ethical considerations
Ethical clearance was sought from the Tropical Diseases Research Centre
Research Ethics Committee, and ethical standards were adhered to throughout
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this study. Informed consent was sought from study participants. Guardians
provided assent for the participation of the persons under the consenting age.
They were asked to read or have read to them, understand and sign/thumbprint
an informed consent form. Responsible adults in the household were identified
to give proxy consent on behalf of minors.

Table 1. Sample description for North-Western provinces for dengue
virus infection

Total Male Female
Factor n (%) n (%) n (%)
Age (years) [¥*=7.79,p=0.168]
<15 533 (30.4) 267 (31.3) 265 (29.5)
15-24 348 (19.8) 164 (19.2) 182 (20.3)
25-34 348 (19.8) 151 (17.7) 197 (22.0)
35-44 247 (14.1) 121 (14.2) 125 (13.9)
45+ 278 (15.8) 150 (17.6) 128 (14.3)
Sex
Male 854 (48.8)
Female 897 (51.2)
Education [x*=26.22, p <0.001]
None 370 (21.4) 160 (19.1) 209 (23.6)
Primary 812 (47.0) 365 (43.5) 445 (50.3)
Secondary or
higher 545 (31.6) 314 (37.4) 230 (26.0)
Dengue virus
Infection [¥*=0.12,p=0.729]
Yes 18 (1.0) 10 (1.2) 8(0.9)
No 1737 (99.0) 844 (99.8) 889 (99.1)

OUR FINDINGS

A total of 1755 participants had both laboratory results and filled in the
questionnaires. The sample comprised 48.8% females. Overall, 30.4% of the
participants were aged less than 15 years. Male participants tended to have
attained higher education levels than females (p<0.001). The results indicated
1.0% previous dengue infection amongst the participants in North-Western
province. No significant association was observed between sex and dengue
infection (p=0.729). These results are shown in table 1. Of the factors
considered in bivariate analyses (Table 2), only visit to Angola was
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significantly associated with previous dengue infection (OR= 2.73; 95% ClI
[1.55, 4.83)).

DiscussiON

This study reveals that 1.0% of the study population in North-western had
dengue IgG antibodies, indicating having past exposure to dengue infection. A
retrospective study on German expatriates who worked in endemic countries
for an average of 10 years revealed 4.3% dengue IgG response (26). A
prospective study on 104 long term lIsrael travellers to dengue endemic areas
indicated a dengue seroprevalence of 6.7% (27).

Table 2. Factors associated with Dengue virus infection in logistic
regression analysis for Western province

Factor OR (95% CI)

Age (years)
<15 0.61 (0.21, 1.71)
15-24 0.31 (0.06, 1.55)
25-34 1.24 (0.48, 3.19)
35-44 2.21(0.91, 5.33)
45+ 1

Sex
Male 1.15(0.72, 1.83)
Female 1

Education
None 0.81 (0.35, 1.87)
Primary 1.11.(0.59, 2.11)
Secondary or higher 1

Use of mosquito net
Yes 1.41 (0.84, 2.37)

No
Insecticide Residual Spraying
Yes
No
Visited Angola
Yes
No

1

1.30 (0.8, 2.09)
1

2.73 (1.55, 4.83)
1
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Of the factors investigated including age, sex, education and travel to
Angola and or Democratic Republic of Congo (DRC), only travel to Angola
was positively associated with exposure to dengue infection. Various studies
have indicated travel as a significant factor in dengue infection.

Wilder-Smith and Gubler (28) described travel as having the most impact
for the spread of dengue from one region to another. They documented that
epidemics of dengue, its seasonality and oscillations over time are reflected in
the epidemiology of dengue in travellers (29). In a study on travellers
returning from endemic countries, dengue infection was associated with 7-
45% of cases of fever (30).

Among the countries with evidence of on-going dengue outbreaks
including Angola, Democratic Republic of Congo, Mozambique, Tanzania and
Seychelles, all except Seychelles neighbour Zambia. The North-Western
province of Zambia shares the border with Angola and DRC (Figure 1). This
boundary, like most in Africa tends to divide villages, with inhabitants of the
same family living on either side of the border. Small scale trade, and search
for medical facilities necessitates frequent travels across the border and this
could be a contributing factor to spread of disease including dengue.

It is safe to assume the continued circulation of dengue in Angola is
associated with sero-prevalence in North-Western province of Zambia,
considering its proximity to Angola and a significant association of Dengue
infection with travel to Angola. Mazaba-Liwewe et al. indicated presence of
dengue 1gG antibodies in Western province of Zambia, which borders North-
Western province on the southern side and also borders with Angola (31).
There may also be transmission of dengue virus between the two provinces of
Zambia.

Limitations in this study lie in the fact that plaque reduction neutralization
tests (PRNTS) to increase the specificity of ELISA testing and reduce potential
cross reactivity were not performed. Although the 1gG capture-ELISA test
used is a suitable tool to detecting Dengue 1gG antibodies in large
epidemiologic surveys (32), caution must be taken considering that cross-
reactivity may occur with other Flavivirus antibodies (33).

CONCLUSION

This study provides evidence of dengue virus circulation in North-Western
provinces of Zambia. It also elaborates on an important factor of association
with travel to Angola which is a dengue endemic area. Dengue is a disease of

Www.Ebook777.com



http://www.ebook777.com

Free ebooks ==> www.Ebook777.com

Dengue 1gG seroprevalence 57

public health importance especially that subsequent infection with other
serotypes may lead to more severe cases and fatalities. There is need for active
surveillance and adequate diagnostic systems considering how porous the
borders with the endemic countries are.
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Arthropod-borne viruses (arboviruses) have become significant public
health problems, with the emergency and re-emergency of arboviral
diseases nearly worldwide. The objective of this study was to determine
the prevalence and the risk factors for Zika virus infection in North-
Western Province of Zambia.
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A cross-sectional study using a standardised questionnaire was used.
Bivariate logistic regression analyses were conducted to obtain odds
ratios and their 95% confidence intervals. In total, 1,755 survey
participants were recruited. Overall, 48.8% of the survey participants
were males. Males tended to have higher education levels than females,
with 37.4% of males and 26.0% of females having attained secondary or
higher levels of education (p<0.001). Altogether, 1.8% of participants had
Zika virus infection, with no sex difference (2.1% of males and 1.4% of
females, p=0.957). Visiting Angola was the only factor that was
significantly associated with Zika virus infection. Participants who visited
Angola were 2.82 (95% CI [1.82, 4.38]) times more likely to have Zika
virus infection compared to participants who had not visited Angola. Zika
virus infection is prevalent among residents of North-Western Province in
Zambia. Strengthening of disease surveillance, clinical management of
cases and laboratory diagnostic capacities are necessary to curb the
infection.

INTRODUCTION

Zambia is undergoing rapid developmental changes particularly in
infrastructure. The opening up of new mines in recent years in North-Western
province means that mining has become a major occupation for the province.
This has resulted in population movement especially from the ‘traditional’
Copperbelt province, creating a sudden increase in the total population of the
province with resultant challenges for the health sector. Sudden population
increase has resulted in over-crowding creating a suitable environment for
disease spread including the arboviruses.

Among the emerging infectious diseases, the arboviral diseases group has
particularly warranted attention in the global health landscape with its
potential for epidemics and its unprecedented spread (1). Despite the
significance and increasing public health impact on individuals worldwide,
arboviruses remain poorly understood and controlled. While increasingly well
characterised in industrialised countries, the epidemiology of the these viruses
is a major challenge to developing countries and surveillance often is usually
in the form of reports during outbreaks due to the poor population-based
surveillance systems (2). The majority of the surveillance systems were
designed to detect known pathogens (61.5%), while 19.9% were for both
known and unknown pathogens and only a small proportion were designed to
detect unknown pathogens (3).
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The diagnosis of Zika virus infection is based on detection of specific
antibodies (4) or virus isolation from animals or mosquitoes which is time
consuming; however, rapid diagnostic methods have been developed for the
African and Asian strains (5). Several serological surveys have been carried
out in Africa and notable among these is the Portuguese Guinea survey which
demonstrated frequent antibodies to group B viruses particularly Yellow
Fever, Zika and Wesselbrons; a finding similar to previous surveys in the same
region (6). Based on serological analyses, flaviviruses were classified into
eight antigenic complexes; however, many viruses including the prototype of
the group Yellow Fever and many new viruses could not be affiliated to any
complex partly due to extensive geographical distribution, diversity of
arthropod vector or vertebrate hosts and also confusion in virus nomenclature
.

No information on Zika virus infection has been reported in Zambia. The
objective of the study was, thus, to determine the prevalence and correlates for
Zika virus infection in North-Western province of Zambia in order to
contribute to the body of knowledge on the epidemiology of Zika virus
infection in Zambia.

OUR STUDY

North-Western Province borders with Angola in the West and Democratic
Republic of Congo (DRC) in the North. North-Western Province was one of
Zambia's nine provinces at the time of the survey before the creation of the
tenth province. It covers an area of 125,826 km2 and had a population of
695,599 (8).

A total of 1,178 Standard Enumeration Areas (SEAs) were demarcated in
North-Western province in the eight districts of the province. North-Western
province is located in Agro-ecological zone I11 which is suitable for cultivating
rice, cassava, pineapples and bananas (9).

The data was obtained from a survey on Yellow fever. The sample size
calculation was based on the assumption that the sero-prevalence for Yellow
fever was 7% based on the study conducted by Robinson (10). A Statcal
program in Epi Info v6.04 was used to estimate the sample size. After
adjusting for 80% response rate, a sample size of 3600 was obtained. The
sample size was equally divided into the two provinces and powered to avoid
chance findings, that is, 1,800 participants from each province.
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A multi-stage sampling technique was used for participants in all districts.
Firstly, wards were randomly selected from each constituency. In the second
stage of sampling, standard enumeration areas (SEAS) proportional to the ward
size were systematically sampled. All survey participants aged nine months or
older in a selected household were eligible to be enrolled in the study.

The study protocol was reviewed and approved by the Tropical Diseases
Research Centre Research Ethics Committee, and permission to conduct the
study was obtained from the Ministry of Health, Zambia. Informed consent
was obtained from survey participants after the interviewer had explained the
benefits and risks of participating in the study. Entry forms were viewed only
by those approved to be part of the survey.

A detailed semi structured questionnaire was used to collect information.
During the data collection process, questionnaires were checked for
inconsistencies and completeness on a daily basis.

All data were entered in an Epi-Info data entry screen that had consistency
and range checks embedded in it. Epi data files were exported to SPSS for data
analysis. Further editing was conducted by running frequencies during the
analysis stage. Odds ratios and their 95% confidence intervals were used to
estimate magnitudes of associations.

OUR FINDINGS

In total, 1755 survey participants were recruited. Overall, 48.8% of the survey
participants were males. Males tended to have higher education levels than
females, with 37.4% of males and 26.0% of females having attained secondary
or higher levels of education (p<0.001). Altogether, 1.8% of participants had
Zika virus infection, with no sex difference (2.1% of males and 1.4% of
females, p=0.957).

Visiting Angola was the only factor that was significantly associated with
Zika virus infection. Participants who visited Angola were 2.82 (95% CI [1.82,
4.38]) times more likely to have Zika virus infection compared to participants
who had not visited Angola. Age, sex, education, use of mosquito net and in-
door residual spraying were not significantly associated with Zika virus
infection.
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Table 1. Sample description for North-Western Province for Zika virus

infection
Factor Total Male Female
n (%) n (%) n (%) p value
Age (years)
<15 533(30.4) 267 (31.3) 265(29.5) 0.102
15-24 348(19.8) 164 (19.2) 182(20.3)
25-34 348(19.8) 151 (17.7) 197 (22.0)
35-44 247 (14.1) 121(14.2) 125(13.9)
45+ 278 (15.8) 150 (17.6) 128 (14.3)
Sex
Male 854 (48.8)
Female 897 (51.2)
Education
None 370 (21.4) 160(19.1) 209 (23.6) <0.001
Primary 812 (47.0) 365 (43.5) 445 (50.3)
Secondary or higher 545 (31.6) 314 (37.4) 230 (26.0)
Zika virus infection
Yes 31(1.8) 18 (2.1) 13 (1.4) 0.957
No 1724 (98.2) 836 (97.9) 884 (98.6)

Table 2. Factors associated with Zika virus infection in North-Western

Province in bivariate logistic regression analysis

Factor OR (95% CI)

Age (years)
<15 0.37 (0.14, 0.99)
15-24 0.38 (0.12, 1.21)
2534 1.15 (0.54, 2.47)
35-44 1.19 (0.93, 3.96)
45+ 1

Sex
Male 1.21(0.84, 1.73)
Female 1

Education
None 0.82 (0.43, 1,58)
Primary 1.36 (0.84, 2.22)

Secondary or higher

1
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Table 2. (Continued)

Factor OR (95% CI)
Use of mosquito net
Yes 1.27 (0.87, 1.86)
No 1
In-door residual spraying
Yes 0.96 (0.64, 1.43)
No 1
Visited Angola
Yes 2.82(1.82,4.38)
No 1
DiscussION

Information concerning the distribution of Zika virus in North-Western
Province was non-available until after the risk assessment was conducted in
April/May 2013 by the Ministry of Health with the support of World Health
Organization. The risk assessment carried out in North-Western Province was
conducted to respond to the re-classification of the province as a low-risk area
for arboviruses particularly Yellow Fever. There was no assessment carried
out in the province since 1950 when the last sero-survey was conducted during
the colonial era. The sero-survey of 1950 concentrated in Barotseland
(Western), Balovale (North-Western) and Ndola in present day Copperbelt
Province (10).

Zika virus which had not been previously reported in North-Western
Province appeared to be an important flavivirus affecting 1.8% of the survey
participants. Our finding indicates that Zika virus was circulating among
people of North-Western Province. Our finding is much lower than those
reported in Kainji lake basin of Nigeria of 56% (11), Oyo State of Nigeria of
31% (12), Yap island of Federated States of Micronesia of 73% (13).
Differences in rates of infection may partly be due to different laboratory tests,
power of the studies and epidemiological stages of the infection in study areas.

The risk assessment revealed that international travel especially outside of
the province was highly associated with acquisition of infection for Zika virus.
The survey participants with a history of travel to neighbouring countries
especially to the Republic of Angola had twice as much risk of acquiring Zika
infection than their counterparts without history of travel. However, travel to
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the Democratic Republic of Congo was not found to be significant probably
due to host ecology and host behaviour (14). Stoddard et al., using
mathematical models, illustrated the importance of human movement in the
transmission of pathogens especially for populations most at risk to vector-
borne diseases such as Zika virus (15).

Despite the fact that 1.8% of samples collected during the risk assessment
tested positive for Zika virus infection, no human case of Zika disease has
been reported from North-Western Province. This may be due to the lack of
knowledge by the medical personnel and also due to the absence of case
definition in the Integrated Diseases Surveillance and Response (IDSR)
guidelines which are widely used for syndromic diseases surveillance in health
facilities. Furthermore, the symptoms of Zika infection apart from being sub-
clinical in presentation could be mimicking malaria which has been known to
be prevalent in the province. Therefore, suspected malaria cases might have
continued to mask outbreaks of Zika virus infection.

The other challenge contributing to lack of information on arboviral
disease presence or absence is the limitation on availability of diagnostic
methods, thereby making it difficult to identify these emerging diseases in the
country. Until 2013 in preparation for the risk assessment on Yellow Fever,
the laboratory capacity to diagnose arboviruses had not been developed.

In conclusion, Zika virus infection is prevalent among residents of North-
Western Province in Zambia. Strengthening of disease surveillance, clinical
management of cases and laboratory diagnostic capacities are necessary to
curb the infection.
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West Nile virus infection has been reported in Asia, Middle East, Europe,
Americas and Africa but there is no documentation about its existence in
Zambia. Therefore the purpose of this study was to determine the
seroprevalence of WNV infection and its correlates in North-Western province
of Zambia. Secondary data collected in a yellow fever risk assessment
conducted in Zambia in 2013 was used in this study. Bivariate and
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multivariate logistic regression analyses were used to determine correlates for
WNV infection. Unadjusted odds ratios and adjusted odds ratios with their
95% Confidence Intervals (Cl) are reported. Out of a total of 1,755
participants in the survey, 51.3% were females. About a third of the
participants (30%) were aged 5 -14 years. Overall, 2.0% of the participants
had WNV infection. Having travelled to Angola was independently associated
with WNV infection. Participants who visited Angola were 2.58 (95% CI
[1.67, 3.98]) times more likely to have WNV infection compared to those who
had not travelled to Angola. Instituting an active surveillance for the infection
at border post would help in preventing further importation of the virus.

INTRODUCTION

West Nile virus (WNV) is an arthropod borne virus from the Flaviviridae
family. Humans get infected from a culex mosquito bite. Most of the
infections are asymptomatic but about 1% show symptoms which sometimes
could develop into severe illness (nueroinvasive symptoms) which could also
result into death (1).

West Nile fever was first identified in a woman from the west Nile
province, Uganda, who presented with influenza like illness in Uganda (2).
After the discovery in Uganda the virus became endemic in many African
countries, mainly epizootic at that time, with reported seasonal outbreaks in
humans (3). The disease was viewed as of very low public health importance
till its recognition as an emerging infectious disease as it spread across the
globe with reports in Asia, Middle East, Europe and Americas (4-6). In North
Africa, a more virulent strain of WNV emerged in 1994 and it caused
outbreaks of severe disease symptoms and more deaths than reported
previously (5).

Several risk factors for WNV infection emerged from the study in
America such as climate and environmental factors. High population density
was significantly associated with the viral transmission even after adjusting for
other environmental factors (7) and the results were comparable to results
obtained in other studies which confirmed an association between urban/sub-
urban versus a more rural area (8,9). However other studies reported
significant association when there was less population density and rural.
Temperature changes determining human activity and mosquito replication
was also significantly associated with risk of infection. It was also concluded
that these factors could differ yearly due to changes in bird populations with
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high bird population as being protective (7). It is possible that when there are
more birds the virus could be concentrated in bird mosquito bird cycle whereas
if there are fewer birds the mosquito could resort to human meals. Studies
have also confirmed that age has a bearing on the severity of the infection with
the older age group, 50 years and above, being most at risk (7). In Arizon
staying at home and not attending school were found to be risk factors to the
WNYV infection, although it was argued that the possibility that those who
stayed at home were the elderly who were already known to be at high risk of
infection with WNV (10).

Although WNV infections have been reported worldwide and furthermore
around Zambia’s neighboring countries, there is still no information on the
extent of the problem in the North-western province of Zambia. Therefore the
purpose of this analysis was to determine the seroprevalence of WNV and its
correlates in North-western province of Zambia.

OUR STUDY

The study was conducted in North-Western province of Zambia. The province
was selected based on the classification as low potential risk area for yellow
fever transmission by World Health Organization (11). North-Western
province, which borders with Angola on the western side and Democratic
Republic of Congo (DRC) on the northern side, has a population of 706,462
(12). It is the most sparsely populated province in the country and the
provincial capital is Solwezi. The province comprised of 8 districts which
were divided into 1178 Standard Enumeration Aras (SEAs) and the main
economic activities were mining in one district and general pineapple growing.

Study population, sample size, inclusion/exclusion criteria and
sampling

This assessment was carried out among individuals aged nine months or older.
In estimating the sample size for persons aged 5 years or older, the following
parameters were considered: a prevalence of 7% (13), desired precision or
confidence interval (d) of +3%, and a design effect (DE) of 2 and an 80%
response rate.
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Table 1. Sample description North-Western province

Total Male Female
Factors n (%) n (%) n (%) P value
Age (years)
5-14 533 (30.4) 267 (31.3) 265 (29.5) 0.102
15-24 348 (19.8) 164 (19.2) 182 (20.3)
25-34 348 (19.8) 151 (17.7) 197 (22.0)
25-44 247 (14.1) 121 (142)  125(13.9)
45+ 278 (15.8) 150 (17.6) 128 (14.3)
Sex
Male 854 (48.8) - - -
Female 897 (51.2) - -
Education
None 370 (21.4) 160 (19.1) 209 (23.6) <0.001
Primary 812 (47.0) 365 (43.5) 445 (50.3)

Secondary/College/ g5 31 6)  314(374) 230 (26.0)

University

West Nile Infection

Positive 35 (2.0) 19 (2.2) 16 (1.8) 0.625
Negative 1720 (98.0) 835 (97.8) 881 (98.2)

Considering sex, we aimed to recruit 700 male and 700 female
participants in each province. Assuming an average of 4 persons aged 5 years
or older in each household, a total of 12 households in each of the 30 cluster
was to be recruited in the survey. The total number of persons that would be
recruited from each province was 1806, totaling 3612 from both provinces.

The sero-prevalence of children was about half that for older children, and
in estimating the sample size for persons aged below 5 years, the following
parameters were considered: a prevalence of 3.5%, desired precision or
confidence interval (d) of +3.4%, and a design effect (DE) of 2 and an 80%
response rate. The computed sample size was 282. Therefore, in each province
406 children would be recruited for the survey.

Included in the study were individuals aged 9 months or older who were
found in a sampled household at the time of the study and were resident in the
study site for at least seven days. Individuals who had received YF vaccination
in the last ten years to the survey were also included in the survey. Excluded
from the study were persons who were aged less than 9 months, or individuals
regardless of age who resided in the study site for less than 7 days prior to the
survey. Children under the age of 9 months were excluded based on the fact
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that at this age children could still carry maternal antibodies from exposed
mothers which could pose the risk of false positive results.

The sample was drawn using a two-stage cluster sampling technique using
probability proportional to size. A list of the standard enumeration areas
(SEAS) in each province constituted the sampling frame. The sampling was
designed to achieve fairly good estimates at the provincial level of analysis,
and not representing the subdivisions of the province.

Study variables

Dependent variable

A case with evidence of WNV exposure was defined as any individual aged 9
months or older whose blood sample was confirmed to have WNV exposure.
WNV exposure status was positive if 1gG or IgM antibodies were determined
in the serum sample by laboratory testing and negative if the IgG or IgM
antibodies were absent by laboratory testing.

Independent variables

The independent variables included demographic data: age, sex, occupation,
education, roof type and use of mosquito preventive measures such as
insecticide treated nets (ITNs) and indoor residual spray (IRS).

Laboratory procedures

Three to 5 millilitres of blood was collected by venepuncture into an EDTA
vaccutainer tube and transported on cold chain to the local laboratories for
serum separation and storage.

Subsequently serum samples were transported on cold chain and thereafter
subjected to primary testing (YFV specific IgG and IgM) at the University of
Teaching Hospital in Zambia virology unit and Institute Pasteur, Dakar. All
presumptive YFV-specific IgG and IgM samples were subjected to IgG and
IgM antibodies testing against other flaviviruses known to cause haemorrhagic
fever-like disease including WNV. The testing was carried out using 1gG
capture enzyme-linked immunosorbent assay (ELISA).

Data management and analysis
Data collected from the field were entered in an Epi-Info data entry screen
that had consistency and range checks embedded in it. Further editing was
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conducted by running frequencies during the analysis stage. Epi data files were
exported to SPSS for data analysis. The data was summarized to describe the
occurrence of WNV exposed individuals in absolute numbers and percentage
by place (residence, travel or work) and person (age, sex, occupation,
education). Further analysis was conducted to determine independent factors
associated with WNV sero-positivity. Odds ratios were used to estimate the
magnitude of associations.

Ethical considerations

Ethical clearance was sought from the Tropical Diseases Research Centre
Research Ethics Committee, and ethical standards were adhered to throughout
this study. Informed consent was sought from study participants. Guardians
provided assent for the participation of the persons under the consenting age.
They were asked to read or have read to them, understand and sign/thumbprint
an informed consent form. Responsible adults in the household were identified
to give proxy consent on behalf of minors.

OUR FINDINGS

Out of a total of 1755 participants in the survey, 51.3% were females. Most of
the participants (30%) were aged 5 -14 years of age. There were more females
who had attained primary school than males (p=0.001). On the other hand
more males (37.4% males and 26% females) attained secondary or higher
education than the females. There was no significant association between
WNYV infection and sex (p=0.625). Overall, 2.0% of the participants had
antibodies to WNV.

The variables in Table 2, age, sex, education, sleeping under a mosquito
net, house with IRS and travelled to Angola were analyzed in bivariate and
multivariate models. Having travelled to Angola was the only factor that was
significantly associated with WNV infection in multivariate analysis.
Participants who visited Angola were 2.58 (95% CI [1.67, 3.98]) times more
likely to have WNV infection compared with those who had not travelled to
Angola.
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Table 2. Factors associated with West Nile Virus infection in bivariate and
multivariate analysis for North-Western province

Factor

OR (95% CI)

AOR (95% Cl)

Age (years)

5-14

15-24

25-34

35-44

45+

Sex

Male

Female

Education

None

Primary
Secondary/College/University
Slept under mosquito net
Yes

No

House with IRS
Yes

No

Travelled to Angola
Yes

No

0.59 (0.29-1.21)
0.45 (0.17-1.17)
0.91 (0.44-1.87)
1.96 (1.04-3.69)
1

1.12 (0.80-1.57))
1

0.74 (0.39-1.40)
1.36 (0.85-2.16)
1

1.30 (0.90-1.86)
1

1.41 (1.01-1.99)
1

2.61 (1.69-4.02)
1

2.58 (1.67-3.98)
1

DISCUSSION

This study presents the first documentation of the prevalence of WNV
infection and the contributing factors to the infection in North-western
province of Zambia This study has indicated that 2.0% of the participants had
antibodies to WNV. This finding is similar to a 2.6% reported in New York
during the 1999 epidemic (14), implying that both epidemics might have been
at the same stage of the epidemic. A study conducted in Kenya reported
varying rates of the infection of 3.2-65.3% within the same country (15).
Higher rates of the infection have been reported in Egypt and Sudan of 61%
and 40%, respectively (16) and 55% in South Africa (17) as way back as the
1950s to 1970s. Disease prevalence is dependent upon a wide range of risk
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factors, climate and the environment affecting the activities of the virus and
the humans (7, 8, 9). It is therefore important that surveys be conducted not
only in specific regions of a country but the whole country in order to inform
the designs of interventions to curtail the spread of the virus.

Travelling to Angola was associated with being infected with WNV.
Travel could have been necessitated by visiting relatives across the border in
Angola or to conduct trade. While in Angola, one could have been bitten by an
infected mosquito. A similar observation was made by Cameron et al. who
observed that the continued spread of dengue was supported by global trade
and increasing travel within and between countries (18). Furthermore, travel
increases the risk of introducing arthropod-borne virus diseases from endemic
to non-endemic areas.

In conclusion, surveillance at the border should be strengthened in order to
curtail further importation of the virus into the province, assuming that persons
who had traveled to Angola did not have the virus before they traveled.
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Zambia is prone to mosquito-borne diseases: malaria, filariasis and
arthropod-borne viruses (arboviruses). There is limited information on the
distribution of larval habitats of vectors of arboviruses in Zambia. A
study was conducted to determine the distribution of mosquito larval
habitats in Western and North-Western provinces of Zambia. Mosquito
larval surveys were conducted in rural, urban and peri-urban locations,
indoor and outdoor. Altogether, 350 potential breeding habitats were
inspected: flower pots, old tires, banana leaf axils, water storage
containers, shallow wells, disused wells, disused bottles, canoes and
water pools soaked with cassava tubers. Aedes (stegomyia) aegypti larvae
were collected in a disused cooking oil plastic container; 1 (1.9%) out of
52 containers in peri-urban areas of North-Western province was positive
for larvae, while no container in Western province was positive for
larvae. Culex quiquefasciatus larvae were collected in 12 (3.9%) of 350
containers outdoor in peri-urban, urban and rural areas, in abandoned
water wells, discarded plastic containers, canoes and in water pools for
processing cassava. Distribution of micro-habitats including those less
suspected to be mosquito larval habitats by local communities highlights
a need for strengthening vector surveillance to provide real-time
entomological data for policy decisions.

INTRODUCTION

Mosquitoes transmit various mosquito-borne diseases such as malaria,
filariasis and arthropod-borne viruses (arboviruses) including, dengue virus,
yellow fever virus, West Nile virus and Zika virus (1-8). Zambia is prone to
mosquito-borne diseases because it has suitable ecological and climatic
conditions for mosquito vector survival throughout the year during the rainy
and hot season (November-May) and cool dry season (June-September)
(9, 10).

A yellow fever risk assessment survey (11) necessitated a similar
entomological survey to obtain a greater understanding on the vector-larval
distribution in relation to human settlements. Information on mosquito spatial
distribution patterns in Zambia is limited and yet, its use could optimize
resource utilization and hopefully contribute towards evidence-based vector
control to reduce mosquito-borne diseases (12).

Mosquito breeding sites, areas where immature forms of mosquitoes
transform and grow into the adult stage, are an important determinant of the
distribution and abundance of adult forms of mosquitoes. Mosquito breeding
habitats include containers for species such as Aedes aegypti, pit-latrines,
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waste water near human habitation for Culex quiquefasciatus mosquitoes and
sunlit water pools for Anopheles mosquitoes. Removal of these sources would
complement interventions that target adult forms of mosquitoes (13). Regular
application of chemical and biological insecticides to malaria mosquito
breeding sites, larviciding, is recommended where the sites are few, fixed and
findable (14).

Accurate understanding of bionomics, distribution and seasonal changes
of mosquito breeding habitats is vital for designing effective interventions for
reducing mosquito population. While adult mosquito studies mainly on
malaria vectors have been conducted (15), larval habitat distribution of Aedes
mosquito vector for arboviruses is limited in Zambia. Therefore, an
entomological survey was undertaken to determine the distribution of
peridomestic larval breeding habitats for mosquito vectors of arboviruses in
North-Western and Western provinces of Zambia bordering countries where
arboviruses have been recently reported.

OUR STUDY

North-Western province is located at 1,354 metres above sea level, latitude -
13.0 and longitude 25.0 and has a population of 706,462. The province borders
with Angola on the western side and Democratic Republic of Congo on the
northern side with population movement between countries. It has six districts
at the time of the survey. The province receives the highest rainfall in the
country, with annual rainfall of 1320 mm. The mean minimum temperature in
June and mean maximum temperature in October are 6.8°C and 30.6°C,
respectively (16). North-Western province is located within the Central
African plateau. Rice, cassava, banana and pineapple cultivation is the main
economic activity of the province.

Western province which borders with Angola has a population of 881,524
and had seven districts at the time of the survey (16). It is the driest area of
Zambia and located at 1,119 metres above sea level and latitude -15.0 and
longitude 24.0. The mean minimum and maximum temperatures of 8.7°C and
34.2°C are in June and October, respectively, and an annual rainfall of 740 mm
(17). Western province major valleys extend to the Kalahari sand plateau and
lies within the Zambezi flood plains. Crop and livestock production as well as
fishing along the available water bodies are the main economic activities in the
province.
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Rural and urban or peri-urban areas: Classification into rural, urban and
peri-urban was based on an analysis by the Department for International
Development (DFID) of the United Kingdom, which took into account several
parameters including access to basic services-health, education (and other
social services) and population density (18).

Household: The term household as used in this study means one or more
people who live in the same dwelling and also share meals or living
accommodation (19).

Districts sampled

Mosquito sampling — larval and adult sampling were undertaken in North-
Western province (Mwinilunga, Mufumbwe, Kabompo, Chavuma, Solwezi
and Zambezi districts) and in Western province (in Kaoma and Mongu
districts) of Zambia.

Training

Training in field mosquito larval sampling was conducted for a week at the
Tropical Diseases Research Center, Ndola, Zambia and was facilitated by
experts from the World Health Organization and Pasteur Institute, Dakar,
Senegal. The training included larval sampling methods, preservation of
entomological specimens and rearing of larvae to adults to enable
identification of emerged adult mosquitos. The training helped to standardize
the collection, preservation and analysis of the mosquito larval samples.

Mosquito larval sampling

Three teams of 3-4 research members undertook mosquito larval searches in
rural, urban and peri-urban areas of the two provinces (North-Western and
Western provinces) of Zambia. The target was to sample mosquito larvae
inside and outside houses for each household visited covering at least 10
households per day. All containers kept inside houses were inspected for
mosquito larvae (flower-pots and water storage). The following habitats
outside houses were inspected: shallow wells, discarded clay-pots, discarded
bottles, plastics containers, tyres, banana (Musa sapientum) leaf axils and
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edges of water canals. A larval scoop was used to collect water for larval
inspection on a white tray. The collected mosquito larvae were pipetted and
transferred into a bottle labeled with relevant information for identification
such as province, district, locality (urban or rural), house number (randomly
allocated during sampling), number of habitation units or occupied rooms and
date of collection.

Types and characteristics of containers

Information was collected for each breeding habitat where mosquito larvae
were collected. The information included type of breeding habitat and its
purpose (whether for storage of drinking water or disused/discarded); whether
breeding habitat was man-made (plastic containers, bottles, metal buckets,
earthen pots, tyres or cement blocks) or natural (such as banana leaf axils and
stagnant water pools); presence or absence of plant growth or debris inside or
around container habitats; and latitude and longitude which were obtained
using a Global Positioning System.

Distribution of larval habitats

To understand the distribution of the mosquito larval sites, different locations
were searched in diverse potential mosquito breeding sites in urban and rural
areas. The container index (CI) was estimated as percentage of containers
found with mosquito larvae to determine the presence of disease-causing
mosquitoes. A Cl above 10% was considered high and this was the threshold
that was used in this study. In the field, adult mosquitoes that emerged from
pupae were cryopreserved in liquid nitrogen. Each cryo-tube was labeled with
a unique code indicating household number and cluster number where larvae
were collected in addition to the province and district codes.

Mosquito larval rearing

Sampled mosquito larvae were transported to the Tropical Diseases Research
Centre insectary laboratory in Ndola, Zambia and bred through to the adult
stage for species identification using entomological keys (20-22). Larvae were
fed on fish flakes Tetramin and maintained at relative humidity of 80+2% and
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temperature of 23+2°C. All emerged adult mosquitoes were stored at -80°C to
preserve their viability prior to airfreighting them to Institute Pasteur in Dakar,
Senegal for species identification.

Ethical considerations

Oral informed consent was obtained from heads of households in which larval
inspections were undertaken. Written informed consent was obtained from all
team members and local personnel who were involved in rearing mosquitoes.

Data analysis

Data were entered into Microsoft Excel 2010, checked for consistency and
exported into SPSS version 16.0 for analysis.

OUR FINDINGS

Distribution of mosquito larvae habitats: The distribution of mosquito
breeding habitats for Aedes species and Culex species in the North-Western
and Western provinces are displayed in Tables 1 and 2, respectively. A total of
350 containers that were found indoor and outdoor were examined for
mosquito larvae.

Types and characteristic of containers: A plastic container was the
favoured breeding microhabitat for Aedes aegypti, with a density of at least 15
per larval scoop. Meanwhile, habitats for Culex quiquefasciatus larvae were
abandoned water wells, shallow wells and canoes that contained a lot of
organic matter. The canoes were overgrown with grass and plant vegetation.

Distribution of Aedes larvae: Aedes (stegomyia) aegypti larvae were
collected in a dis-used cooking oil plastic container. One (1.9%) of the 52
containers in peri-urban locality of North-Western province was positive for
larvae and none of the containers in Western province was positive for larvae.
This discarded plastic container was located at the edge of a village. Aedes
larvae were not collected in other habitats such as banana leaf axils, flower
pots, cement blocks for house construction and discarded bottles.
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Table 1. Distribution of Aedes species mosquito larvae in North Western
and Western provinces, Zambia and percentage of containers positive for
larvae, April-May, 2013

Number of containers

No. Occupied  pos/exam pos/exam

Houses rooms Indoor * Outdoor ? %
North Western
Peri-Urban 48 277 0/0 1/52 1.9
Urban 24 112 0/0 0/40 0.0
Rural 48 237 0/0 0/98 0.0
Western
Urban 60 316 0/0 0/117 0.0
Rural 36 171 0/0 0/43 0.0

Indoor" containers were drinking-water-storage containers; outdoor” containers were
flowerpots, discarded plastic, container and shallow wells; pos=positive;
exam=examined.

Table 2. Distribution of Culex species mosquito larval stages in rural,
urban and peri-urban areas of North Western and Western provinces of
Zambia — April-May, 2013

Location No. of occupied Number of containers %
Houses rooms Positive /Inspected

Peri-urban 48 277 6/64 9.4

Urban 84 428 3/174 1.7

Rural 84 408 3/112 2.6

Total 12/350

Distribution of Culex larvae: Culex quiquefasciatus larvae were collected
in 12 (3.9%) of the 350 container habitats outdoor in peri-urban, urban and
rural areas, in abandoned water wells, water pools and in discarded plastic
containers. In North-Western province, Culex quiquefasciatus was also
collected in water pools-soaked with cassava tuber to soften it prior to its
pounding. The water pool was situated at a forested edge of a village
(Figure 1). Culex quiquefasciatus larvae was also found in disused canoes
containing wood fibre to soften it prior to use in house construction (Figure 2)
and in Clay-pots (see figure 3).
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Mosquito larval breeding
habitat.

Figure 1. Breeding sites of Culex quiquefasciatus larvae in water pools soaked with
cassava tubers in North Western province, Zambia.

Figure 2. A canoe Culex quiquefasciatus was collected; this mosquito larval habitat
contained wood fibre soaked in water to soften it before use. The position of the larval
scoop (dipper) indicates the sites where the larvae were collected in Western Province

of Zambia, Mongu District.
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Figure 3. Various habitats searched for mosquito larva including clay pots, disused
bottles, cement blocks placed by household owners to stop wind blowing roof tops,
and cement blocks stored for future house construction.

DiscussiON

This study demonstrates Aedes mosquito larvae distribution in limited
locations outdoor only in discarded plastic container in peri-urban areas of
North-Western province of Zambia. No Aedes or other mosquito larval
habitats were found indoor possibly since all water-storage containers were
closed with a plastic cap. This is the first study in 64 years on Aedes
bionomics during a yellow fever risk assessment survey in North-Western
province. In the 1950s, Robinson (23) reported Aedes aegypti and Aedes
africanus larvae breeding in tree holes during the wetter months of January-
February in Baluvale location, currently called Zambezi, North-Western
Province, Livingstone and Ndola. In those studies, only 1% of the 5,267 larvae
collected was Aedes aegypti and 1% was Aedes africanus. In addition,
Robinson observed that Aedes africanus was the commonest mosquito during
the drier parts of the year (May-October). He found Aedes africanus breeding
in bamboo (artificially made) pots in Ndola, Copperbelt, but rarely found
Aedes aegypti and Aedes simpsoni larvae in other habitats that were searched
(23). In addition, Robinson reported Aedes Aegypti larval habitats on rock
pools in Livingstone. The finding of Aedes mosquito larvae in plastic
containers corroborates the finding that was reported in a Nigerian study (24)
which showed that the most preferred peri-domestic larval habitats were
plastic containers (47%) followed by metal containers (35%) and earthen ware
pots (14%). The plastic containers were mainly used by Aedes species,
whereas earthen pots were mainly used by Anopheles species.
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Table 3. Distribution of mosquito breeding sites by location and type of
container in North Western and Western Province of Zambia
April-May 2014

Location Container | No. Positive/ Examined

Outdoor Canoes 1/2
Discarded plastic 2/ 67
containers
Discarded wells 2/ 8
Flower pots 0/83
Tyres 0/3
Claypots 0/3
Cement blocks 0/50
Bottles (discarded) 0/1
Banana leaf axils 0/27
Water pools for 1/2
soaking cassava
Stagnant water pools 1/9
Calabash 0/1
Bucket water storage 0/20

Subtotal 7/276

Indoor Bucket water storage 0/ 35
Butiza (plastic) water 0/4
storage
Clay pot 0/1
Plastic containers 0/34
(Discarded)

Subtotal 0/74

Grand total 7/350

The Container Index (CI) reported in this study was 1.9% which is much
lower than the 10% threshold above which is considered a problem in as far as
yellow fever vector breeding is concerned. Recently, Cl ranging from 38.7 to
79.3% have been reported during a yellow fever outbreak in central part of
Senegal (25).

The presence of Aedes species in North-Western province and not in
Western province despite having used similar sampling techniques could be
explained by possible varying microhabitat, ecological and environmental
conditions in the two provinces. North-Western province is wetter than
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Western province, which is occupied by a large water body for approximately
half of the year. Better adaptation of Aedes aegypti to arid conditions has been
observed in a Cameroonian study but not in the current study (26).

This study demonstrates more diverse breeding habitats for Culex
quiquefasciatus than Aedes. Culex quiquefasciatus larvae were collected in
rural, urban and peri-urban locations. Some habitats such as water pools for
cassava tubers were less suspected by the community for mosquito breeding. It
was perceived that the environment created by the cassava tuber, with its
possible cyanide and or/ fermentation products could present a less favorable
microhabitat for larval breeding. This finding should be communicated to
communities to enhance effective community-based integrated vector control.
In a previous study we observed Culex quiquefasciatus mosquito larvae
proliferating under water hyacinth in microhabitats located in sewer ponds
which led to un precedent increased mosquito densities and biting, attesting
further to the remarkable adaptation of Culex quiquefasciatus to different
microhabitats (27).

Observations of Culex quiquefasciatus breeding in canoes that are used for
soaking wood fibers for house construction calls for community health
education on the role of various discarded containers and the activities that
create conducive mosquito larval habitats. These observations underscore the
increasing importance of Integrated Vector Management and the value of
collaboration among researchers, policy makers in health and non-health and
communities enshrined within an Integrated Vector Management concept to
ensure a holistic approach in addressing challenges of vector control in public
health (28, 29).

In conclusion, outdoor breeding habitats for Aedes (stegomyia) aegypti
were limited but more abundant for Culex quiquefasciatus in all ecological
locations (rural, urban and peri-urban) in water pools, canoes, discarded clay-
pots and shallow water pool soaked with cassava. Continuous surveillance is
essential to monitor breading sites for potential vectors for arbo-viruses to
ensure evidenced-based interventions.
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Western province of Zambia was reclassified from a no risk to a low risk
area for YF in 2010. To ascertain this reclassification, an assessment for
the risk of YF was conducted in 2013. Altogether, 1824 persons
participated in the survey of which 44.8% were males. Overall, 9 (0.5%)
of the participants had YF virus infection. Of the 9 cases of YF, 6 were
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males. The age range for the cases was 20-77 years, with 5 cases aged
below 40 years. Eight cases had long term infection and only 1 had recent
infection. Two cases had fever, 1 had jaundice and none suffered from
bleeding. None of the cases had travelled to Angola or Congo DR.
Mosquito net use was reported by 4 cases and only 1 case reported that
the house was sprayed with insecticide residual spray. None of the cases
had been vaccinated against YF. Western province was experiencing an
epidemic for YF virus infection. With a low prevalence, the area qualifies
to be classified as a low risk for YF. Efforts to curb the epidemic are
urgently needed. Yellow fever surveillance and the capacity of
laboratories to diagnose YF should be strengthened.

INTRODUCTION

Yellow fever (YF) is estimated to affect about 200,000 people annually in the
tropics of Africa and South America (1) and 30,000 deaths occur worldwide
(2). The majority of persons infected with YF suffer from a self-limiting
febrile illness. In persons who develop symptoms, symptoms occur 3-6 days
after being infected and include fever, chills, severe headache, back pain,
general body aches, nausea, vomiting, fatigue and weakness to severe liver
disease with bleeding. Most persons who develop symptoms improve after the
initial presentation of symptoms. About 15% of cases progress to a more
severe form of the disease that is characterized by high fever, jaundice,
bleeding, and eventually shock and failure of multiple organs (3). There is no
specific treatment for yellow fever; care is based on symptoms. Steps to
prevent yellow fever virus infection include using insect repellent, wearing
protective clothing, and getting vaccinated (3).

Transmission of YF in Africa has been maintained by a high density of
sylvatic and urban vector mosquitoes (4), mainly Aedes aegypti and Aedes
africanus (5). Prevention of YF depends on avoiding mosquito bites by using
repellent and wearing protective (long-sleeves, long pants and socks when
outdoors) clothing and persons aged 9 months or older who live in YF
endemic areas or travelling to such areas may be vaccinated to prevent
infection (3).

In Africa, Yellow fever was mainly a problem of the sub-Saharan
countries of West Africa, but reached as far east as central Sudan and East
Africa (6-10). By 2005, Yellow fever was endemic in Angola that borders
Western province of the Zambia (4). Zambia as a whole country was classified
as a no risk area but Western and North-western provinces of Zambia were
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classified as low risk areas for yellow fever. The history behind the current
classification of Western province as a low risk area for yellow fever is such
that before 2005, it was classified as endemic area and in the period 2005-2010
it was removed from the list of areas with risk of transmission of yellow fever
virus. The decision to classify Western province as a low potential for yellow
fever exposure (11) was based on a suspected case of yellow fever that was
described in North-western province of Zambia in 1943 (12), 18%
seroprevalence of neutralizing antibodies to Yellow fever (13) and
neighbouring areas in Angola and Democratic Republic of the Congo being at
risk of yellow fever risk (11). There was no recent evidence that could have
been used to classify the area. Thus, a yellow fever risk assessment survey was
conducted in 2013 to provide evidence for or against the classification of the
area as low risk area for yellow fever.

OUR STUDY

Western province borders with Angola and had seven districts divided into
1902 Standard Enumeration Aras (SEASs). The population stood at 881,524
with a population density of 7.0 (14). Crop and livestock production as well as
fishing were the main economic activities.

Study population, sample size and sampling

This assessment was carried out among individuals aged nine months or older.
The sample size calculation was based on the assumption that the
seroprevalence for yellow fever was 7% based on the study conducted by
Robinson (12). In estimating the sample size for persons aged 5 years or older,
the following parameters were considered: a prevalence of 7%, desired
precision or confidence interval (d) of +3%, and a design effect (DE) of 2 and
an 80% response rate. Considering sex, we aimed to recruit 700 male and 700
female participants in each province. Assuming an average of 4 persons aged 5
years or older in each household, a total of 12 households in each of the 30
cluster were to be recruited in the survey. The total number of persons that
would be recruited from each province was 1806, totalling 3612 from both
provinces.

The seroprevalence of children was about half that for older children, and
in estimating the sample size for persons aged below 5 years, the following
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parameters were considered: a prevalence of 3.5%, desired precision or
confidence interval (d) of +3.4%, and a design effect (DE) of 2 and an 80%
response rate. The computed sample size was 282. Therefore, in each province
406 children would be recruited for the survey.

The sample was drawn using a two-stage cluster sampling technique using
probability proportional to size. A list of the standard enumeration areas
(SEASs) in each province constituted the sampling frame. The line lists of the
SEAs were provided by the Government's Central Statistics Office (CSO). The
sampling was designed to achieve fairly good estimates at the provincial level
of analysis, and not representing the subdivisions of the province.

Data management and analysis

Data were entered in an Epi-Info data entry screen that had consistency and
range checks embedded in it. Further editing was conducted by running
frequencies during the analysis stage. Epi data files were exported to SPSS for
data analysis. The chi-square test was used to determine associations between
qualitative factors. The cut off point for statistical significance was set at the
5% level.

Ethical considerations

Ethical clearance was sought from the Tropical Diseases Research Centre
Research Ethics Committee, and ethical standards were adhered to throughout
this study. Informed consent was sought from study participants. Guardians
provided assent for the participation of the persons under the consenting age.
They were asked to read or have read to them, understand and sign/thumbprint
an informed consent form. Responsible adults in the household were identified
to give proxy consent on behalf of minors.

OUR FINDINGS

Altogether, 1824 persons participated in the survey of which 44.8% were
males. Significantly more males (34.3%) than females (27.1%) had achieved
secondary or higher levels of education (p=0.001). Overall, 9 (0.5%) of the
participants had YF. These results are shown in Table 1.
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Table 1. Description for participants in a 2013 yellow fever risk
assessment in Western province

Total Male Female
Factor n (%) n (%) n (%) p value
Age (years)
<45 1503 (82.5) 679 (83.3) 823 (81.9) 0.464
45+ 318 (17.5) 136 (16.7) 182 (18.1)
Sex
Male 815 (44.8)
Female 1005 (55.2)
Education
None or primary 1256 (69.7) 528 (65.7) 727 (72.9) 0.001
Secondary or 546 (30.3) 276 (34.3) 270 (27.1)
higher
Yellow fever
Yes 9 (0.5) 6 (0.7) 3(0.3) 0.314
No 1815 (99.5) 809 (99.3) 1002 (99.7)

Of the nine cases of YF, six were males. The age range of the cases was
20-77 years, with five cases aged below 40 years. Three cases had attained up
to primary level of education, three had not attended school, three attained
primary level of education and another three had secondary level of education.

Eight cases had long term infection and only one had recent infection.
Two cases had fever, one had jaundice and none suffered from bleeding. None
of the cases had travelled to Angola or Congo DR. Mosquito net use was
reported by four cases and only one case reported that the house was sprayed
with insecticide residual spray. Seven cases had houses with roofs made of
grass and two cases house with roofs made of iron sheets. Of the nine cases,
two cases had walls of houses made of mud, three had walls of houses made of
poles, one had walls made of plastered cement, two had walls made of cement
bricks but not plastered, and one had walls made of unburnt bricks. None of
the cases had been vaccinated against YF.
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DIsSCUSSION

This study was conducted about 50 years after the last survey on Yellow fever
risk assessment was conducted. It was prompted by a reclassification of the
area from a no risk to low risk area for Yellow fever. Nine cases of YF (0.5%)
were identified of which eight were of long term infection and 1 was a recent
infection. None of the cases had been vaccinated against YF.

The yellow fever virus was currently circulating. The prevalence of the
infection in the current study is less than the 7% (12) that was reported 50
years ago in the present Western and North-western provinces. The difference
in the prevalence could partly be due to differences in the stages of the
epidemic. It might be that Western province was in the early stage of the
epidemic, while 50 years ago when that study was conducted the area was at
an advanced stage of the epidemic. Another possibility for the difference could
be that North-western province that is not part of the current study could have
had a higher proportion of the 7% prevalence.

All the cases of YF in the current study were adults, indicating that
younger participants were less likely to have yellow fever than older
participants. This finding accords that of Geser et al. (15) that the prevalence
of yellow fever was positively associated with age. The increasing age with
increasing seroprevalence suggests more stable rates of ongoing transmission
in the population (16).

One of the reasons that were used to classify Western province as an area
of low risk for yellow fever transmission was because it bordered with areas
designated as having yellow fever in neighbouring Angola and DR Congo
(11). Apart from North-western province that was surveyed recently, it is
important that other provinces of the country be surveyed, especially Northern
province that shares a border with Tanzania that has low potential for yellow
fever transmission and DR Congo with most areas regarded as endemic.
Resources allowing, a national survey should be conducted to clearly state the
status of the country with regard to yellow fever classification.

In conclusion, Western province was experiencing an epidemic for YF
virus infection. With a low prevalence, the area qualifies to be classified as a
low risk for YF. Efforts to curb the epidemic are urgently needed. Yellow
fever surveillance and the capacity of laboratories to diagnose YF should be
strengthened.
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Dengue virus infection has become a major public health concern
worldwide, although it has not been reported before in Zambia. The
objective of the study was to determine the prevalence and correlates for
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dengue virus infection in Western province of Zambia. Secondary data,
obtained in a yellow fever risk assessment survey, was used in the study.
A total of 1,823 persons were investigated of whom 55.2% were female
and 25.1% were in the 5-14 years age group. Overall, 7.1% (7.2% males
and 7.0% females; p=0.887) were infected with dengue virus. Persons in
the age group 25-34 years were 66% (AOR=1.66; 95% CI [1.09, 2.54])
more likely to have the infection compared to those aged 45 years or
older. Persons who had attained primary education were 37% (AOR=
1.37; 95% CI [(1.05, 1.78]) more likely to have the infection than those
who had higher levels of education. Persons who had travelled to Angola
were 2.11 times (AOR= 2.11; 95% CI [1.41, 3.15]) more likely to have
the infection compared to those who had not travelled to Angola.
Surveillance should be strengthened at the border in order to curtail the
epidemic.

INTRODUCTION

Dengue is a mosquito-borne (Aedes aegypti) systemic viral infection found in
tropical and sub-tropical regions and has become a major public health
concern worldwide (1). The complications of dengue infection (Dengue
Haemorrhagic Fever or Dengue Shock Syndrome) are life-threatening in those
with chronic diseases and asthma (2). Major epidemics caused by dengue fever
occurred from the 17" to early 20" centuries (3). It is estimated that close to 4
billion persons living in 128 countries are at risk of dengue infection (4), with
the virus being endemic in over 110 countries. The endemic countries are in
Africa, the Americas, the Eastern Mediterranean, South-east Asia and Western
Pacific. Severely affected regions including the Americas, the Eastern
Mediterranean, South-east Asia and Western Pacific reported more than 1.2
million and 2.3 million cases in 2008 and 2010 respectively.

Dengue epidemics in Africa have increased since 1980 with most activity
documented in East Africa (5). Most recently outbreaks have been reported in
Angola (6), and Kenya (7). Dengue is now one of most important tropical
diseases second to malaria causing approximately 50 to 100 million cases of
DF and 500,000 cases of DHF (8). The public health impact of dengue is
greatly underestimated because of poor surveillance data (9). Though the
factors responsible for the dramatic resurgence of epidemic dengue are not
fully understood, it appears it is closely associated with demographic and
societal changes over the past 50 years (10).
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The relationship between age and risk of dengue fever has not been
consistent. According to Egger and Coleman (11), the risk for age in relation
to classic dengue fever had never been quantified. Using data from clinical
patients, Egger and Coleman showed that the risk of classical dengue after
primary dengue increases with age. Another study revealed that classic dengue
is primarily common among older children and adults (12,13). The
epidemiologic characteristics of dengue differ by region and the incidence by
age (14-16). A study by Anker and Amina indicated a consistent pattern of
male predominance in the reported number of dengue cases among 15 years or
older in six Asian countries (17). Travel (18) and education (19) have also
been documented to be associated with Dengue fever.

Zambia recently (in 2013) carried out a yellow fever risk assessment in
Western and North-Western provinces. Positive cases for dengue fever were
identified amongst the study population in the survey. This paper documents
the prevalence and correlated for dengue fever in Western province.

OUR STUDY

Western province borders with Angola and had seven districts divided into
1,902 Standard Enumeration Areas (SEAS). The population stood at 881,524
with a population density of 7.0. Crop and livestock production as well as
fishing were the main economic activities (20).

Study population, Sample size, inclusion/exclusion criteria and
sampling

The survey was carried out among individuals aged nine months or older. The
sample size calculation was based on the assumption that the seroprevalence
for yellow fever was 7% based on the study on yellow fever conducted by
Robinson (21). For persons aged 5 years or older, the following parameters
were considered in estimating the sample size, a prevalence of 7%, desired
precision or confidence interval (d) of +3%, and a design effect (DE) of 2 and
an 80% response rate. The study aimed to recruit 700 male and 700 female
participants in each province. A total of 12 households in each of the 30
clusters, assuming an average of 4 persons aged 5 years or older in each
household, were to be recruited in the survey. The total number of persons that
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would be recruited from each province was 1806, totalling 3612 from both
provinces.

The seroprevalence of children below the age of five years was about half
that for older persons, and in estimating the sample size for persons aged
below 5 years, the following parameters were considered: a prevalence of
3.5%, desired precision or confidence interval (d) of +3.4%, and a design
effect (DE) of 2 and an 80% response rate. The computed sample size was
282. A total of 406 children would be recruited in each province for the
survey.

Any individual aged 9 months or older and who was a member of a
sampled household and resident in the study site for at least seven days was
requested to participate in the survey. Individuals who received yellow fever
vaccination in the last ten years were eligible to participate in the survey.
Exclusion criteria left out any person, who was either less than 9 months of
age or any person, regardless of age, who resided in the study site for a period
of less than seven days prior to the survey. Children under the age of nine
months raises the risk of false positive results as children under this age may
still carry maternal antibodies from immunized or exposed mothers.

A two-stage cluster sampling technique using probability proportional to
size was used to draw the sample. A list of the standard enumeration areas
(SEAS) in each province constituted the sampling frame. The sampling was
designed to achieve fairly good estimates at the provincial level of analysis,
and not representing the subdivisions of the province.

Study variables

Dependent variable

A case with evidence of dengue infection exposure was defined as any
individual aged 9 months or older whose blood sample was confirmed to have
dengue virus exposure through the detection of dengue virus-specific IgG and
IgM antibodies.

Independent variables
The independent variables included age, sex, occupation, history of travel to
Angola and/or DRC and use of mosquito preventive measures.
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Laboratory procedure

About 3 to 5 millilitres of blood was collected by venepuncture into an EDTA
vacutainer tube and transported on cold chain to the local laboratories for
serum separation and storage. Samples were subjected to primary testing
(yellow fever virus specific IgG and IgM) at the University of Teaching
Hospital in Zambia virology unit and Institute Pasteur, Dakar. All presumptive
yellow fever virus specific 1gG and IgM samples were subjected to IgG and
IgM antibodies against other flaviviruses known to cause haemorrhagic fever-
like disease including dengue.

Data management and analysis

Data were entered in an Epi-Info data entry screen that had consistency and
range checks embedded in it. Further editing was conducted by running
frequencies during the analysis stage. Epi data files were exported to SPSS for
data analysis. The data was summarized to describe the occurrence of dengue
virus exposed individuals in absolute numbers and percentage by place
(residence, travel or work) and person (age, sex, occupation). Further analysis
was conducted to determine independent factors associated with yellow fever
seropositivity. Odds ratios were used to estimate magnitudes of associations.

Ethical considerations

Ethical clearance was sought from the Tropical Diseases Research Centre
Research Ethics Committee, and ethical standards were adhered to throughout
this study. Informed consent was sought from study participants. Guardians
provided assent for the participation of the persons under the consenting age.
Participants were asked to read or have read to them, understand and
sign/thumbprint an informed consent form. Responsible adults in the
household were identified to give proxy consent on behalf of minors.

OUR FINDINGS

A total of 1,823 persons were investigated (questionnaires and laboratory
tests) for dengue virus in Western province. Overall, 55.2% of the participants
were female and 25.1% were in the age group 5-14 years. Altogether, 48.2%
of all persons sampled had attained primary education. Males tended to be
more educated than females (p=0.002). No significant association was
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observed between sex and dengue virus infection. Overall, 7.1% of the
participants in western province had previous dengue. These results are shown
in table 1.

Table 1. Sample description for Western province for dengue virus

infection

Total Male Female
Factor n (%) n (%) n (%) p value
Age (years)
<5 184 (10.1) 81 (9.9) 102 (10.1) 0.131
5-14 471 (25.1) 231 (28.3) 240 (23.9)
15-24 390 (21.4) 180 (22.1) 210 (20.9)
25-34 245 (13.5) 94 (11.5) 151 (15.0)
35-44 213 (11.7) 93 (11.4) 120 (11.9)
45+ 318(17.5)  136(16.7) 182 (18.1)
Sex
Male 815 (44.8) - - -
Female 1005 (55.2) - -
Education
None 388 (21.5) 152 (18.9) 235 (23.6) 0.002
Primary 868 (48.2) 376 (46.8) 492 (49.3)

Secondary or higher 546 (30.3) 276 (34.3) 270 (27.1)
Dengue virus

infection
Yes 130 (7.1) 59 (7.2) 70 (7.0) 0.887
No 1693 (92.9) 755 (92.8) 935 (93.0)

* Numbers may not add up due to missing information.

Of the factors considered in bivariate analysis age, education, and visit to
Angola were significantly associated with risk of dengue infection (see table
2). After adjusting for other factors in multivariate analysis, those in the age
group 25-34 years were 66% (AOR=1.66; 95% CI [1.09, 2.54]) more likely to
have dengue infection compared to those aged 45 years or older. Those who
had attained primary education were 37% (AOR= 1.37; 95% CI [(1.05, 1.78])
more likely to have dengue infection than those who had attained secondary
education or higher. In relation to visitation to Angola, those who visited were
2.11 times (AOR= 2.11; 95% CI [1.41, 3.15]) more likely to have dengue
infection.
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Table 2. Factors associated with dengue virus infection in logistic

regression analysis for Western province

Factor OR (95% ClI) AOR (95% CI)
Age (years)

<5 0.43 (0.20, 0.91) 0.54 (0.24, 1.24)
5-14 0.71 (0.47, 1.08) 0.63 (0.40, 0.98)
15-24 0.96 (0.63, 1.44) 1.02 (0.66, 1.58)
25-34 1.66 (1.10, 2.50) 1.66 (1.09, 2.54)
35-44 0.83 (0.48, 1.43) 0.76 (0.44, 1.32)
45+ 1 1

Sex

Male 1.02 (0.85, 1.22) -

Female 1

Education

None 0.84 (0.61, 1.16) 0.89 (0.62, 1.29)
Primary 1.31(1.03, 1.67) 1.37 (1.05, 1.78)

Secondary or higher
Use of mosquito net
Yes

1

1.13 (0.94, 1.36)

1

No 1

Insecticide Residual

Spraying

Yes 1.14 (0.90, 1.44) -
No 1

Visited Congo DRC

Yes 1.62 (0.55,4.75) -

No 1

Visited Angola

Yes 2.41 (1.65, 3.52) 2.11(1.41, 3.15)
No 1 1

DIsCcUSSION

There is no documentation of a previous survey except for a confirmed case of
a European traveller/expatriate who was in Zambia between 1987 and 1993
(22). This study reveals a prevalence of dengue infection in Western province
at 7.1% with those in the age group 25-34 being more likely to be affected.
Respondents with lower than secondary school qualification, as well as those
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who travelled to Angola were more likely to be associated with dengue
infection.

The factors responsible for epidemic dengue as a global public health
problem in the past 17 years are complex and not fully understood. However,
demographic changes over the past 50 years have been associated with dengue
(12). There are inconsistencies in the description of the relationship between
age and risk of dengue infection. Some studies cite the younger age as more
likely to get dengue infection, others cite increasing infection rate with
increasing age (23). Epidemiological data on dengue infection in Brazil
indicates changing age group patterns (24).

Travel has been documented to be associated with increase in the spread
of Dengue virus from endemic to non-endemic areas. The continued spread of
dengue has been supported by global trade and increasing travel within and
between countries (25). Travel whether by air, motor vehicles or foot,
increases the risk of introducing arthropod-borne virus diseases including
dengue fever from endemic to non-endemic areas (23). With small scale cross
border trading, want for closer health facilities, and family ties across borders,
there is increasing travel between the dengue endemic neighbouring country of
Angola and Zambia. Angola is currently having a dengue epidemic (26) and
this could have facilitated the introduction of dengue virus and infection in
Zambia.

The finding in the current study that education was related to infection
was not consistent (no gradient in the odds of being infected among the levels
of education) in that while persons who had no formal education were equally
likely to have the infection as those who had secondary or higher levels of
education, persons who had primary level of education were more likely to
have infection compared to those who had higher levels of education. Results
from a study in urban areas in Thailand indicated that persons who earned
secondary or higher levels of education had a higher risk for being infected
than those who earned elementary or lower levels of education (19). Contrary
to the explanation of such phenomena by Koyadun et al. (19) that persons who
have a high level of schooling may have a higher chance to get skilled careers
and seek jobs far away from their community where they would increase their
risk of getting infection, it is not clear what factors would put both persons
with no formal education and persons with secondary or higher levels of
education at equal chances of getting the infection. Further studies are needed
to elucidate the relationship between education and dengue virus infection. In
order to curtail the epidemic in Western province of Zambia, surveillance at
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border posts should be enhanced through screening of persons crossing the
border and strengthening laboratory capacity to detect infection.
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Chapter 10
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Zika virus (ZIKV) is a flavivirus that causes disease with similar but
milder symptoms to dengue fever. There is no information on Zika virus
infection in Zambia. Hence, the objective was to study was to determine
the prevalence and correlates for Zika virus infection in Western province
of Zambia. A cross-sectional study using a standardised questionnaire
was conducted. Logistic regression analyses were conducted to determine
factors associated with Zika virus infection. Out of 1824 respondents,
44.8% were males and 36.0% were aged below 15 years. Altogether,
10.2% of the participants had Zika virus infection. Factors associated

* Corresponding author: Peter Songolo, MBChB, MPH, World Health Organization, Lusaka,
Zambia. E-mail: songolop@who.int.
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with the infection were age and education. Participants aged less than 15
years were 53% (AOR=0.47, 95% CI [0.34, 0.65]) less likely to be
infected compared to those aged 45 years or older. Compared to
participants who had attained secondary or higher levels of education,
those who had attained primary level of education were 1.28 (95% CI
[1.04, 1.58]) times more likely to have the infection. Zika virus infection
is prevalent among the residents of Western Province in Zambia. There is
need to strengthen strategies to address the emerging challenge of Zika
virus infection such as laboratory diagnostic capacities.

INTRODUCTION

Zika virus (ZIKV) is a flavivirus that causes disease with similar but milder
symptoms to dengue fever. Clinical pictures range from asymptomatic cases to
an influenza-like syndrome associated to fever, headache, malaise and
cutaneous rash (1). Other less frequent symptoms and signs of ZIKV include
myalgia, headache, retro-orbital pain, oedema and vomiting (2). Its natural
transmission cycle in Africa involves primarily mosquitoes (Aedes species)
and monkeys. While serological and entomological Zika virus infection have
been reported in different areas in Africa including Burkina Faso, Ivory Coast,
Egypt, Central African Republic, Mozambique, Nigeria, Uganda and Senegal,
entomological and virological surveillance for arboviruses have been
conducted since 1972 in Senegal and revealed presence of Zika virus (3). The
virus was first identified in 1947 in rhesus monkey serum from Zika forest in
Uganda (4). However ZIKV antibodies have been detected in humans across
Africa, and Asia (5,6). In Cameroon, the infection with Zika virus spread to
neighbouring Nigeria resulting in an epidemic with symptoms including
jaundice (7), an indicator for potential for global spread (8).

Despite the widespread distribution of Zika virus, there have been very
few reported human cases until the Yap outbreak in 2007 (9). In particular,
there is no documented information on Zika virus infection in Western
province of Zambia. Following a risk assessment for Yellow fever in Western
province of Zambia resulting from a re-classification of the province by World
Health Organization as a low-risk area for Yellow fever, a study was
undertaken using data collected from the Yellow fever survey to determine the
prevalence and correlates for Zika virus infection in Western province of
Zambia.
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Our study

Western Province has a common border with Angola. The geography of the
province is dominated by the Barotse Floodplain of the Zambezi river. This
floodplain is inundated from December to June; this is important to agriculture
as it provides natural irrigation for the grasslands. Much of the province is
covered by sand believed to come from the Kalahari Desert, grasslands and
woodlands.

Western Province had seven districts with a total of 1,902 Standard
Enumeration Aras (SEAs). Fishing and cattle rearing were the main
occupation in the province. The population of the province was 854,890
according to national census of 2010 (10).

Western province borders with Angola and had seven districts divided into
1,902 SEAs. The population stood at 881,524 with a population density of 7.0
(10). Crop and livestock production as well as fishing were the main economic
activities.

Sample sizes

The sample size calculation was based on the assumption that the sero-
prevalence for Yellow fever was 7% based on the study conducted by
Robinson (11). A Statcal program in Epi Info v6.04 was used to estimate the
sample size. The sample size was equally allocated to North-Western and
Western provinces and powered to avoid chance findings, that is, 1,800
participants from each province.

Sampling

A multi-stage sampling technique was used for participants in both districts.
Firstly, wards were randomly selected from each constituency. In the second
stage of sampling, standard enumeration areas (SEAS) proportional to the ward
size were systematically sampled. All survey participants aged nine months or
older in a selected household were eligible to be enrolled in the study.
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Ethical approval

The study protocol was reviewed and approved by the Tropical Diseases
Research Centre Research Ethics Committee, and permission to conduct the
study was obtained from the Ministry of Health, Zambia. Informed consent
was obtained from survey participants after the interviewer had explained the
benefits and risks of participating in the study. Entry forms were viewed only
by those approved to be part of the survey.

Data collection

A detailed semi structured questionnaire was used to collect information. The
questionnaires were pre-tested to validate the appropriateness of the questions
to capture the required information. During the data collection process,
questionnaires were checked for inconsistencies and completeness on a daily
basis.

Data management and analysis

All data were entered into a computer using an Epi-Info data entry screen that
had consistency and range checks embedded in it. The Epi data file was
exported to SPSS for data analysis. Further editing was conducted by running
frequencies during the analysis stage. Odds ratios were used to estimate
magnitudes of associations using unadjusted odds ratios (OR) and adjusted
odds ratios (AOR) together with their 95% confidence intervals (CI).

OUR FINDINGS

A total of 1,824 participants out of which 44.8% were males participated in the
survey. The age distribution was similar between sexes with 36.0% of the
participants belonging to the under 15 years age group. A significant
association between education and sex was observed (p=0.002) with 34.3% of
males and 27.1% of females having attained secondary or higher levels of
education
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Table 1. Sample description for Western province for Zika virus infection

Factor Total Male Female o value
n (%) n (%) n (%)
Age (years)
<15 655 (36.0) 312 (38.3) 342 (34.0) 0.122
15-24 390 (21.4) 180 (22.1) 210 (20.9)
25-34 245 (13.5) 94 (11.5) 151 (15.0)
35-44 213 (11.5) 93 (11.4) 120 (11.9)
45+ 318 (17.5) 136 (16.7) 182 (18.1)
Sex
Male 815 (44.8)
Female 1005 (55.2)
Education
None 388 (21.5) 152 (18.9) 235 (23.6) 0.002
Primary 868 (48.2) 376 (46.8) 492 (49.3)
Secondary or higher 546 (30.3) 276 (34.3) 270 (27.1)
Zika virus infection
Yes 186 (10.2) 82 (10.1) 103 (10.2) 0.957

No 1638 (89.8) 733(89.9) 902 (89.9)

Altogether, 10.2% of the participants had Zika virus infection with no sex
difference (p=0.957). Table 1 shows the description of the sample. While age,
education and visiting Angola were significantly associated with Zika virus
infection in bivariate analyses, only age and education remained significantly
associated with the infection in multivariate analysis. Participants aged less 15
years were observed to be 53% (AOR=0.47, 95% CI [0.34, 0.65]) less likely to
have the infection compared to participants of age 45 years or older.
Meanwhile, participants who had attained primary level of education were
28% (AOR=1.28, 95% CI [1.04, 1.58]) more likely to have the infection
compared to participants who had attained secondary or higher levels of
education.

DIsSCUSSION

Zika virus which had not been previously reported in Western province of
Zambia was prevalent affecting 10.2% of the survey participants. Compared to
other findings, the prevalence in the current study is much lower than what has
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been reported elsewhere in Africa. The findings in Nigeria, reporting rates of
31 and 56% (12,13) and in Yap island of Federated States of Micronesia
reporting a rate of 73% (14) were based on small sample sizes, and this may
partly explain the differences in the rates reported.

While age was significantly associated with Zika infection in the current
study, no significant association was observed between age and the infection
on the Yap island (14). However, in a study conducted in Kenya, age was
significantly associated with the infection. The risk of infection linearly
increased with age (15). Older persons may have been more exposed to
infection than the younger ones partly due to activities such as social gathering
and economic activities such as fishing, crop and livestock production that
may predispose them to mosquito bites. Repellents may not be affordable in
poor communities. Wearing of long sleeved shorts and trousers for men and
wearing of wrappers, traditionally known as chitenge, by women may be
possible alternatives to minimize man-mosquito contact.

The association between education and Zika virus infection was not
consistent. While persons who had never been to school were equally likely to
be infected as those with secondary or higher levels of education, persons who
had attained primary level of education were more likely to be infected
compared to persons with higher levels of education. Further analysis is
needed to consider possible confounding factors such as the wealth index in
the relationship between education and infection. Alternatively, persons with
primary level of education may be more engaged in activities, for which we
are unable to suggest, that may predispose them to mosquito carrying the
infection.

Despite the fact that a high proportion of samples collected during the risk
assessment tested positive for Zika virus infection (10.2%), no human case of
Zika disease had been reported from Western province. This may be due to the
lack of knowledge by the medical personnel and partly due to the absence of a
case definition for Zika virus infection in the Integrated Diseases Surveillance
and Response (IDSR) guidelines which are widely used for syndromic disease
surveillance in Zambia. Furthermore, the symptoms of Zika infection apart
from being sub-clinical in presentation could mimick malaria which is
prevalent in the province. Therefore, suspected malaria cases may mask
outbreaks of Zika virus infection. Grard et al. (16) in their study observed that
the number of human cases of Zika virus infection were few compared to
Dengue virus infection probably due to the occurrence of sub-clinical form of
Zika disease that did not require medical attention.
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Table 2. Factors associated with Zika virus infection in Western Province

in bivariate and multivariate logistic regression analyses

Factor OR (95% CI) AOR (95% CI)
Age (years)
<15 0.51 (0.38, 0.69) 0.47 (0.34, 0.65)
15-24 0.74 (0.53, 1.02) 0.81 (0.57, 1.13)
25-34 1.19(0.85, 1.67) 1.24 (0.88, 1.74)
35-44 1.03 (0.71, 1.50) 1.030.71, 1.48)
45+ 1 1
Sex
Male 0.99 (0.85, 1.15)
Female 1
Education
None 0.92 (0.71, 1.19) 1.02 (0.77, 1.34)
Primary 1.23(1.00, 1,51) 1.28 (1.04, 1.58)
Secondary or higher 1 1
Use of mosquito nets
Yes 0.98 (0.84, 1.15) _
No 1
In-door Residual Spraying
Yes 0.90 (0.72, 1.14) _
No 1
Visited Angola
Yes 1.67 (1.12, 2.50) _
No 1

The other challenge contributing to lack of information on arboviral
disease is the limitations on availability of diagnostic methods, thereby making
it difficult to identify these emerging diseases in the country. Brady et al. in
assessing the distribution of dengue in the entire continent alluded to this
challenge in many healthcare settings coupled with scanty information or data
on surveillance and research generated reports in many resource poor countries
@an.

The discovery of ZIKV in the Western Province of Zambia strongly
indicates the need to develop laboratory capacity for diagnosis of flaviviruses
and strengthen Integrated Disease Surveillance and Response (IDSR).
Strengthening the capacities of the laboratory is key to confirming clinically
suspicious cases. There is need to strengthen control measures for malaria as
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the vector is similar and as such the country should scale-up the use of
Insecticide-treated nets (ITNs) and in-door residual spraying to reduce human
mosquito contact. Other measures include health education to promote
personal protection using long-sleeved clothes and repellents. Furthermore,
although research efforts have focused on many of these viruses, other
medically important members of the mosquito-borne flaviviruses, such as Zika
virus, have received far less attention.
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Chapter 11

WEST NILE VIRUS INFECTION:
ASSESSING THE CONTRIBUTING FACTORS
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West Nile virus (WNV) infection has been reported worldwide with
varying prevalence rates within countries. The purpose of this study was
to determine the extent of WNV infection and its correlates in Western
province of Zambia. The study used secondary data that was collected in
a yellow fever risk assessment survey. Logistic regression analyses were
used to determine correlates for infection. A total of 1824 respondents
participated in the survey of which 55.2% were females. The prevalence
of WNV infection was 18.3%. Participants aged below 15 years were
61% (AOR 0.39 95% CI [0.30-0.51]) less likely to be infected with WNV
compared to those above 15 years of age. Participants who attained

* Corresponding author: Idah Mweene-Ndumba, BSc, MPH, World Health Organization, Lusaka,
Zambia. E-mail: idahndumbal2@gmail.com.
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primary level education were 44% (AOR 1.44, 95% CI [1.22-1.70]) more
likely to be infected than those who attained secondary and higher levels
of education. Participants who travelled to Angola were 78% (AOR, 1.78,
95% CI [1.25-2.55]) more likely to be infected with the virus than those
who did not travel. WNV infection is common in Western province, and
interventions should be designed taking into account the correlates for
WNV infection that have been identified in the current study.

INTRODUCTION

West Nile virus (WNV), an arthropod-borne Flavivirus, is transmitted to
human beings through a mosquito bite of the culex species (1). The life cycle
of WNV is primarily between birds and mosquitoes and human beings are
infected by mosquito bites when the normal cycle has been broken (1). Of
those that are infected by the virus 1:4 become ill and less than 1% develop
severe symptoms (nueroinvasive disease) such as meningitis, encephalitis and
acute flaccid paralysis. WNV infection has a case fatality rate of 10% among
the severe cases (1,2,5). Most of the infections are usually asymptomatic but
those who show symptoms come down with headaches, myalgia, arthralgia
and rash (6). Currently no treatment exists for arboviral diseases and there are
no licensed vaccines for humans, therefore preventive measures against
infection with WNV are encouraged (1,4).

WNV human infections have been reported worldwide after being first
discovered in Uganda in 1937 (5,6) with reports in Africa, Asia, Australia,
Europe and the United States of America (7). The seroprevalence studies in
these countries have shown prevalence rate variations within countries with
some parts of the country having higher rates than the other (8). At present up
to 30,584 cases and 1,214 deaths have been reported to CDC, which is a major
health threat and assessment of the factors leading to the disease was needed
(2). In America, strategies to identify the risk factors to human infections had
been put in place (2). Risk factors for WNV infection are not properly defined
except the common ones such as mosquito control measures, avoiding
exposure to mosquito bites and use of insect repellent which have been
reported to have proved to have reduced the disease (1,4 ).

Several risk factors for WNV infection such as climate and environmental
factors emerged from studies in America. High population density was
significantly associated with the viral transmission even after adjusting for
other environmental factors (2) and the results were comparable to results
obtained in other studies which confirmed an association between urban/sub-

Www.Ebook777.com



http://www.ebook777.com

Free ebooks ==> www.Ebook777.com

West nile virus infection 123

urban versus a more rural area (9,10). However other studies reported
significant association when there was less population density and rural.
Temperature changes determining human activity and mosquito replication
was also significantly associated with risk of infection. It was also concluded
that these factors could differ yearly due to changes in bird populations with
high bird population as being protective (2). It is possible that when there are
more birds the virus could be concentrated in bird-mosquito-bird cycle
whereas if there are fewer birds the mosquito could resort to human meals.
Studies have also confirmed that age has a bearing on the severity of the
infection with the older age group, 50 years or older, being most at risk (2). In
Arizona, staying at home and not attending school were found to be risk
factors for WNV infection, although it was argued that the possibility that
those who stayed at home were the elderly who were already known to be at
high risk of infection with WNV (1).

There is knowledge gap concerning WNV infections in Zambia and
particularly in Western province despite the province being neighbors with
countries which are endemic with the disease. The purpose of this analysis was
to determine the extent of WNV infection and to assess its correlates in
Western province of Zambia.

OUR STUDY

The study was conducted in Western province of Zambia. The selection of the
province was based on its re-classification as low potential risk area for yellow
fever transmission by World Health Organization in 2010 (11). Western
province with a population of 881,524 (12), borders with Angola and has
seven districts divided into 1,902 Standard Enumeration Areas (SEAS). The
main economic activities were crop farming, livestock production and fishing.

Study population, Sample size, inclusion/exclusion criteria and
sampling

This assessment was carried out among individuals aged nine months or older.
In estimating the sample size for persons aged 5 years or older, the following
parameters were considered: a prevalence of 7%, desired precision or
confidence interval (d) of +3%, and a design effect (DE) of 2 and an 80%
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response rate. Considering sex, we aimed to recruit 700 male and 700 female
participants in each province. Assuming an average of 4 persons aged 5 years
or older in each household, a total of 12 households in each of the 30 cluster
was to be recruited in the survey. The total number of persons that would be
recruited from the province was 1,806.

The sero-prevalence of children was about half that for older children, and
in estimating the sample size for persons aged below 5 years, the following
parameters were considered: a prevalence of 3.5%, desired precision or
confidence interval (d) of +3.4%, and a design effect (DE) of 2 and an 80%
response rate. The computed sample size was 282. Therefore, in each province
406 children would be recruited for the survey.

Included in the study were individuals aged 9 months or older who were
found in a sampled household at the time of the study and were resident in the
study site for at least seven days. Individuals who had received YF vaccination
in the last ten years to the survey were also included in the survey. Excluded
from the study were persons who were aged less than 9 months, or individuals
regardless of age who resided in the study site for less than 7 days prior to the
survey. Children under the age of 9 months were excluded based on the fact
that at this age children could still carry maternal antibodies from exposed
mothers which could pose the risk of false positive results.

The sample was drawn using a two-stage cluster sampling technique using
probability proportional to size. A list of the standard enumeration areas
(SEAS) in each province constituted the sampling frame. The line lists of the
SEAs were provided by the Government's Central Statistics Office (CSO). The
sampling was designed to achieve fairly good estimates at the provincial level
of analysis, and not representing the subdivisions of the province.

STUDY VARIABLES

Dependent variable

A case with evidence of WNV exposure was defined as any individual aged 9
months or older whose blood sample was confirmed to have WNV exposure.
WNV exposure status was positive if 1gG or IgM antibodies were determined
in the serum sample by laboratory testing and negative if the IgG or IgM
antibodies were absent by laboratory testing.
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Independent variables

The independent variables included demographic data: age, sex, occupation,
education, roof type and use of mosquito preventive measures such as
insecticide treated nets (ITNs) and indoor residual spray (IRS).

Laboratory procedures

Three to 5 millilitres of blood was collected by venepuncture into an EDTA
vaccutainer tube and transported on cold chain to the local laboratories for
serum separation and storage.

Subsequently serum samples were transported on cold chain and thereafter
subjected to primary testing (YFV specific IgG and IgM) at the University of
Teaching Hospital in Zambia virology unit and Institute Pasteur, Dakar,
Senegal. All presumptive YFV-specific 1gG and IgM samples were subjected
to 1gG and IgM antibodies testing against other flaviviruses known to cause
haemorrhagic fever-like disease including WNV. The testing was carried out
using IgG capture enzyme-linked immunosorbent assay (ELISA).

Data management and analysis

Data collected from the field were entered in an Epi-Info data entry screen that
had consistency and range checks embedded in it. Further editing was
conducted by running frequencies during the analysis stage. Epi data files were
exported to SPSS for data analysis. The data was summarized to describe the
occurrence of WNV exposed individuals in absolute numbers and percentage
by place (residence, travel or work) and person (age, sex, occupation,
education). Further analysis using logistic regression was conducted to
determine independent factors associated with WNV sero-positivity.
Unadjusted Odds ratios (OR) and adjusted odds ratios (AOR) together with
their 95% confidence intervals (CI) were used to estimate magnitudes of
associations.
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Ethical considerations

Ethical clearance was sought from the Tropical Diseases Research Centre
Research Ethics Committee, and ethical standards were adhered to throughout
this study. Informed consent was sought from study participants. Guardians
provided assent for the participation of the persons under the consenting age.
They were asked to read or have read to them, understand and sign/thumbprint
an informed consent form. Responsible adults in the household were identified
to give proxy consent on behalf of minors.

OUR FINDINGS

A total of 1,824 respondents participated in the survey of which 55.2% were
females. About half (48.0%) of all the participants (46.8% male and 49.3%
females) attained primary school level of education. Of the participants, 30.3%
(34.3% males and 27% females) attained higher level of education. Meanwhile
the rates of being infected with WNV were 18.3% (19% males and 17.7%
females, p=0.512). These results are shown in Table 1.

Table 1. Sample description Western province

Factors Total % Male % Female %
Age (years) [x* =7.27, p=0.122]
<15 655 36.0 312 38.3 342 34.0
15-24 390 214 180 221 210 20.9
25-34 245 135 94 114 151 15.0
25-44 213 11.7 93 114 120 11.9
45+ 318 175 136 16.7 182 18.1
Sex
Male 815 44.8
Female 1005 55.2
Education [x?=12.83, p<0.002]
None 388 215 152 18.9 235 23.6
Primary 868 48.2 376 46.8 492 49.3
Secondary 546 30.3 276 34.3 270 27.1

College / University

West Nile Infection [x?=0.43, p=0.512]

Positive 334 18.3 155 19.0 178 17.7
Negative 1490 91.7 660 81.0 827 82.3
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Variables that were considered in the analysis were age, sex, education
level, sleeping under a mosquito net, using IRS and travel to DRC and to
Angola (Table 2). Those below the age of 15 years were 61% (AOR 0.39 95%
ClI [0.30-0.51]) less likely to be infected with WNV compared to those above
15 years of age. Participants who had attained primary level of education were
44% (AOR 1.44, 95% CI [1.22-1.70]) more likely to be infected by the virus
than those who had attained secondary or higher levels of education.
Travelling to Congo DRC was not associated with acquiring the infection but
those who travelled to Angola were 78% (AOR, 1.78, 95% CI [1.25-2.55])
more likely to be infected with the virus than those who did not travel.
Meanwhile gender, sleeping under a mosquito net and house with IRS were
not associated with WNV infection.

Table 2. Factors associated with West Nile Virus infection in bivariate and
multivariate analysis for Western province

Factor OR 95% CI AOR 95% CI
Age (years)
<15 0.42 (0.33-0.53) 0.39 (0.30-0.51)
15-24 0.84 (0.66-1.07) 0.93 (0.72-1,19)
25-34 1.20 (0.92-1.56) 1.25 (0.96-1.63)
35-44 1.24 (0.94-1.64) 1.20 (0.91-1.59)
45+ 1 1 1 1
Sex
Male 1.05 (0.64-0.97)
Female 1
Education
None 0.79 (0.64-0.97) 0.89 (0.71-1.13)
Primary 1.34 (1.14-1.57) 1.44 (1.22-1.70)
Secondary 1 1 1 1

College/University
Slept under mosquito net

Yes 1.05 (0.93-1.19)

No 1 1

House with IRS

Yes 0.92 (0.77-1.09)

No 1 1
Travelled to Angola

Yes 2.14 (1.52-3.02) 1.78 (1.25-2.55)
No 1 1
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DIsSCUSSION

This study provides the first evidence of the circulation of WNV and correlates
for the infection in Western province of Zambia. The study has indicated that
18.3% of the participants in the yellow fever risk assessment survey had
antibodies to WNV. This result is consistent with results from surveys
conducted worldwide although in some areas very high seroprevalence was
discovered. In Italy, the study conducted in blood donors had lower rates
which ranged from 3-33/1000 blood donors (13). The seroprevalence in USA
varied across the country with rates ranging from 4.2% to 19.7%. Disease
prevalence is dependent upon a wide range of risk factors, climate and the
environment affecting the activities of the virus and the humans (2, 9,10). In
Africa higher rates (60-74%) in Egypt, (3-65%) in Kenya and (13-24%) in
South Africa, were reported as way back as the 1950s to 1970s (14,15).

Age, education and travelling to Angola were significance associated with
WNYV infection. Participants younger than 15 years old were less likely to be
infected with the virus. Activities associated with older age such as working
outside homes may increase chances of being exposed to the mosquito vector
carrying the virus. A similar finding has been reported by Liu et al. (2) who
found that persons above the age of 50 years were more at risk for the disease
compared to those below the age of 50 years. An increase in prevalence of
antibodies against with age may suggest endemic infection (16).

The finding that education was significantly associated with infection was
not consistent. While persons with no formal education were equally likely to
have the infection as those with secondary of higher levels of education,
persons with primary level of education were more likely to be infected. When
comparing persons with no formal education with those who had attained
primary level of education, the finding in the current study contradicts that
found by Gibney et al. (1) who indicated that those who did not attend school
and were more often at home were more at risk of the disease than those who
were often attending school. It is not clear what exposure factors persons who
had attained primary level of education had to have increased risk of infection.

West Nile virus has been active in Angola (17). Movement of people
across the border between Zambia and Angola whether by motor vehicle or
foot may increase the risk of introducing dengue fever from endemic to non-
endemic areas (18). However, the fact that there has been no report on the
infection in Western province, it does not exclude the province from being an
endemic area for West Nile infection. In conclusion, WNV infection is
common in Western province, and interventions should be designed taking
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into account the correlates for WNV infection that had been identified in the
current study.

ACKNOWLEDGMENTS

We are grateful to the interviewers for their dedicated work to successfully
complete the survey. The survey could not have been successful without the
cooperation of the participants and the virology laboratory staff both in
Lusaka, Zambia and Dakar, Senegal for in testing samples. The survey was
funded by the Ministry of Health [Zambia] and the World Health
Organization.

REFERENCES

[1]  Gibney KB, Colborn J, Baty S, Bunko Patterson AM, Sylvester T, Briggs G, et al.
Modifiable risk factors for West Nile virus infection during an outbreak--Arizona,
2010. Am J Trop Med Hyg 2012;86:895-901.

[2] Liu A, Lee V, Galusha D, Slade MD, Diuk-Wasser M, Andreadis T, et al. Risk
factors for human infection with West Nile Virus in Connecticut: a multi-year
analysis. Int J Health Geogr 2009;8:67.

[3] Nash D, Mostashari F, Fine A, Miller J, O'Leary D, Murray K, et al. 1999 West Nile
Outbreak Response Working Group. The outbreak of West Nile virus infection in the
New York City area in 1999. N Engl J Med 2001;344:1807-14.

[4] LaBeaud AD, Kile JR, Kippes C, King CH, Mandalakas AM. Exposure to West Nile
virus during the 2002 epidemic in Cuyahoga County, Ohio: a comparison of
pediatric and adult behaviors. Public Health Rep 2007;122:356-61.

[5] Petersen LR, Carson PJ, Biggerstaff BJ, Custer B, Borchardt SM, Busch MP.
Estimated cumulative incidence of West Nile virus infection in US adults, 1999-
2010. Epidemiol Infect. 2013;141:591-5.

[6]  Smithburn KC, Hughes TP, Burke AW, Paul JH. A Neurotropic Virus Isolated from
the Blood of a Native of Uganda. Am J Trop Med 1940;20:471-2.

[7]  Stiasny K, Aberle SW, Heinz FX. Retrospective identification of human cases of
West Nile virus infection in Austria (2009 to 2010) by serological differentiation
from Usutu and other flavivirus infections. Euro Surveill. 2013;18(43):pii=20614

[8] Schweitzer BK, Kramer WL, Sambol AR, Meza JL, Hinrichs SH, lwen PC.
Geographic factors contributing to a high seroprevalence of West Nile virus-specific
antibodies in humans following an epidemic. Clin Vaccine Immunol 2006;
13(3):314-8.

Www.Ebook777.com



http://www.ebook777.com

Free ebooks ==> www.Ebook777.com

130

(9]

[10]

[11]

(12]

[13]

(14]

[15]
(16]

(17]

(18]

Idah Mweene-Ndumba, Seter Siziya, Mwaka Monze et al.

Brown HE, Childs JE, Diuk-Wasser MA, Fish D. Ecological factors associated with
West Nile virus transmission, northeastern United States. Emerg Infect Dis
2008;14:1539-45.

Gibbs SEJ, Wimberly MC, Madden M, Masour J, Yabsley MJ, Stallknecht DE.
Factors affecting the geographic distribution of West Nile virus in Georgia, USA:
2002-2004. Vector Borne Zoonotic Dis 2006;6:73-82.

Jentes ES, Poumerol G, Gershman MD, Hill DR, Lemarchand J, Lewis RF, et al.
The revised global yellow fever risk map and recommendations for vaccination,
2010: consensus of the Informal WHO Working Group on Geographic Risk for
Yellow Fever. Lancet Infect Dis 2011;11:622-32.

Central Statistical Office. 2010 census of population and housing. National
analytical report. Lusaka, Zambia: CSO, 2012.

Pezzotti P, Piovesan C, Barzon L, Cusinato R, Cattai M, Pacenti M, et al. Prevalence
of IgM and 1gG antibodies to West Nile virus among blood donors in an affected
area of north-eastern Italy, summer 2009. Euro Surveill 2011;16(10):pii=1981
Darwish M A, Ibrahim AH. Survey for antibodies to arboviruses in Egyptian sera. 1.
West Nile virus antihemagglutinins in human and animal sera. Egypt Public Health
Assoc 1971;46:61-70.

Murgue B, Murri S, Triki H, Deubel V, Zeller HG. West Nile in the Mediterranean
basin: 1950-2000. Ann N Y Acad Sci 2001;951:117-26.

Fagbami AH, Monath TP, Fabiyi A. Dengue virus infections in Nigeria: a survey for
antibodies in monkeys and humans. Trans R Soc Trop Med Hyg 1977;71:60-5.
Kokernot RH, Casaca VMR, Weinbren MP, Mclntosh BM. Survey for antibodies
against arthropod-borne viruses in the sera of indigenous residents of Angola. Trans
R Soc Trop Med Hyg 1965);59:563-70.

Blackburn NK, Rawat R. Dengue fever imported from India: a report of 3 cases. S
Afr Med J 1987;71:386-7.

Www.Ebook777.com



http://www.ebook777.com

Free ebooks ==> www.Ebook777.com

In: Arbovirus ISBN: 978-1-63463-601-8
Editors: S. Siziya, M. L. Mazaba etal. © 2015 Nova Science Publishers, Inc.

Chapter 12

AEDES SPECIES MOSQUITO IN NORTH-
WESTERN PROVINCE OF ZAMBIA:
OBSERVATION DURING A YELLOW FEVER
RISK ASSESSMENT SURVEY

Freddie Masaninga®*, Mbanga Muleba?,
Osbert Namafente?, Peter Songolo®,
Idah Mweene-Ndumba®, Mazyanga L Mazaba®,
Mulakwa Kamuliwo®, Seter Siziya*®

and Olusegun A Babaniyi'

"World Health Organization (WHO), Lusaka, Zambia,
*Tropical Diseases Research Centre, Ndola, Zambia,
*Ministry of Health, Zambia,

*School of Medicine, Copperbelt University, Ndola, Zambia,
>University of Lusaka, Lusaka, Zambia

Although records on mosquitoes belonging to Aedes date back to
1950s, there is paucity of knowledge on the distribution, species
composition and bionomics of arthropod-borne vectors in Zambia. In
2013, during a yellow fever risk assessment survey conducted in North-
Western province of Zambia, an entomological survey was conducted to
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ascertain the availability, density and infectivity of yellow fever vectors
in the province. We present information on Aedes species which was not
identified into Aedes (Stegomyia) aegypti, Aedes simpsoni, or any other
previously collected mosquitoes. Aedes species were collected in forested
and peri-urban locations of North-Western province. Approximately 75%
were classified as Aedes (Finlaya) wellani, while the rest were classified
as Aedes (Stegomyia) aegypti, Aedes (Stegomyia) africanus, Aedes
(aedimorphus) mutilus and Aedes (aedimorphus) minutus. Literature
search showed that this is the first collection of Aedes (Finlaya) wellani
in Zambia. Analysis of Aedes species (N=60) using the Polymerase Chain
Reaction (PCR) for viral infection showed no viral activity. Observation
of Aedes (Finlaya) wellani which has hitherto not been reported in
Zambia indicates the importance of strengthened entomological
surveillance in Zambia.

INTRODUCTION

Studies on Aedes species distribution, bionomics and species composition in
Zambia are limited and systematic reports date back to 1950s. Mosquito vector
studies have tended to focus on vectors of malaria (1,2). Malaria is ranked
among the top ten common causes of illness in the country. In 2013, during a
yellow fever risk assessment survey, an entomological survey was conducted
to ascertain the availability, density and infectivity of yellow fever vectors in
North-Western province of Zambia.

OUR STUDY

The study was conducted in North-Western province of Zambia in six districts,
namely, Mwinilunga, Mufumbwe, Kabompo, Chavuma, Solwezi and
Zambezi. North-Western province is located at 1,354 metres above sea level,
latitude -13.0 and longitude 25.0 and has a population of 706,462. The
province borders with Angola on the western side and the Democratic
Republic of Congo on the northern side. Highest rainfall in the country, with
annual rainfall of 1320 mm is recorded in this province. The mean minimum
temperature in the dry cold month of June is 6.8°C and the mean maximum
temperature in dry hot month October is30.6°C (3). The province is located
within the Central African plateau.
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Mosquito sampling

Sampling was conducted in April-May 2013, in the transition from wet to the
drier month (3).

Larvae: Larval searches were conducted in rural, urban and peri-urban
areas of the province. Both inside and outside houses were searched for larvae.
The survey team covered at least 10 households per day. The term household
meant one or more people who lived in the same dwelling and also shared
meals or living accommodation.

Indoor inspection included flower-pots and water storage, whereas outside
inspection included wells, discarded Clay-pots, discarded bottles and plastic
containers; banana (Musa sapientum) leaf axils, discarded tyres and edges of
water canals. The collected mosquito larvae were kept in larval bottles (Figure
1). Mosquito larval data included province, district, locality (urban or rural),
house number (randomly allocated during sampling) and date of collection.

Adults: Adult mosquitoes were sampled by three research teams
consisting of four persons per team. The following sampling methods were
used to collect adult mosquitoes: backpack aspirators, aspiration using a mouth
aspirator tube, CDC light trap and the Gravid Light traps. Mosquito collections
were made inside and outside households in different ecological locations:
rural, urban, forest and plains. Outdoor mosquitoes were captured using
backpack aspirator, CDC light trap and Gravid light trap for collecting gravid
(egg-laying) females to increase the chance for virus isolation. Sampling
mosquitoes using back pack aspirator was conducted outdoor between 1600
and 1900 hours. Indoor adult resting mosquitoes were collected by various
methods such as mouth aspirator tube using a torch to locate these resting sites
and knockdown spray catch with pyrethroids insecticide in randomly selected
dwellings which commenced at 0600 hours. All adult mosquitoes collected
from the field were sorted and pooled by site of collection, sex and stored in
liquid nitrogen to maintain mosquito morphological features

Figure 1. Mosquito Larvae kept for emerging into adult in TDRC, Ndola, Zambia.
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Figure 2. Field collected adult mosquitoes in cages transported to TDRC, Ndola,
Zambia.

Mosquito larval rearing

Sampled mosquito larvae were transported to the Tropical Diseases Research
Centre (TDRC) Insectary Laboratory in Ndola, Zambia, to rear them into the
adult stage for species identification using entomological keys (5-7). At the
TDRC Laboratory the larvae were fed on fish flakes Tetramin and maintained
at relative humidity of 80+2% and temperature 23+2°C. Emerged adult
mosquitoes were stored at -80°C to preserve their viability.

Shipment, viral tests and vector species identification

Sixty adult Aedes species mosquitoes were airfreighted to Institute Pasteur in
Dakar (IPD), Senegal to test for the presence of arthropod-borne viral activity
in the Aedes specimen vector species by Reverse Transcriptase Polymerase
Chain reaction (RT-PCR) technique and to identify and or validate the sub-
sample species. In transit to IPD, the mosquito specimens were preserved at -
80°C in dry ice to maintain DNA viability.

Ethical considerations

Each participant in the study had earlier been vaccinated against yellow fever
virus and received prior chemoprophylaxis against malaria (4). The protocol
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was approved by the Tropical Diseases Research Centre Research Ethics
Committee in Ndola, Zambia. Permission to access houses was sought from
heads of houses.

OUR FINDINGS

Out of a total of 453 adult Aedes species of mosquitoes collected from rural,
urban, peri-urban and forest locations, the majority (75.47%) were classified
as Aedes (Finlaya) wellani (Figures 3 and 4).

Figure 4. Dorsal head view of Aedes (Finalaya) wellani; collected from Ikelenge,
Zambezi district Zambia.
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Aedes (Finlaya) wellani were collected from Ikelenge, situated near the
source of the river Zambezi in the Zambezi district of Zambia. The other
Aedes species that were collected are Aedes (Stegomyia) aegypti, Aedes
(Stegomyia) africanus, Aedes (aedimorphus) mutilus and Aedes (aedimorphus)
minutus.

None of the 60 female Aedes species of Aedes (stegomia) aegypti, Aedes
(stegomyia) africanus, Aedes (aedimorphus) minutus, Aedes (aedimorphus)
mutilus and Aedes (Finlaya) wellmani were positive for the yellow fever virus.

DiscussiON

This study has identified Aedes mosquitoes collected from lkelenge, Zambezi
district, which did not belong to the species reported by the previous
investigators (8). Independent verification at a WHO accredited, collaboration
centre of the mosquito specimens, identified it as Aedes (Finlaya) wellani. To
our knowledge this is the first report of this Aedes species at lkelenge,
Zambezi district in Zambia.

More studies should be conducted to study the behaviour, spatial and
geographical distribution of this mosquito in North-Western province and
other provinces in Zambia to gain more accurate understanding on the possible
role of Aedes (Finlaya) wellani in the transmission of arboviruses in Zambia.

Entomological studies on mosquito vector distribution are critical given
the increasingly importance of new emerging arthropod-borne infections such
as Zika, Dengue and reports of expansion through increased global trade and
climatic changes which are being reported in Africa, Asia and other regions
(9). Strengthening entomological surveillance becomes imperative in Zambia
in order to provide accurate data base for evidenced-based vector control
decisions.

In conclusion, collection of Aedes (Finlaya) wellani during a yellow fever
risk assessment survey in Zambia underpins the increasing need to maintain a
strong entomological surveillance in-country for guiding rational vector
control programs.
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Houston, Texas; Division of Neuroscience, Department of Psychiatry,
Columbia University, New York; Institute for the Study of Disadvantage and
Disability, Atlanta; Center for Autism and Related Disorders, Department
Psychiatry, Children’s Hospital Boston, Boston; Department of Pediatric and
Adolescent Medicine, Western Michigan University Homer Stryker MD
School of Medicine, Kalamazoo, Michigan, United States; Department of
Paediatrics, Child Health and Adolescent Medicine, Children's Hospital at
Westmead, Westmead, Australia; International Centre for the Study of
Occupational and Mental Health, Disseldorf, Germany; Centre for Advanced
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The Department of Applied Social Sciences (APSS) of The Hong Kong
Polytechnic University Hong Kong.
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Our focus is on research, international collaborations, clinical work, teaching
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NICHD as a permanent institute at one of the residential care centers for
persons with intellectual disability in Israel in order to conduct model research
and together with the four university schools of public health/medicine in
Israel establish a national master and doctoral program in disability and human
development at the institute to secure the next generation of professionals
working in this often non-prestigious/low-status field of work.
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