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Mosquito control programs at seven urban sites in Kenya, Egypt, Israel, Costa Rica, and Trinidad are described and compared.
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analysis tools are used to provide a descriptive assessment of each mosquito control program, and provide a comparison of the
factors affecting mosquito abatement. The information for SWOT analysis is collected from surveys, focus-group discussions,
and personal communication. SWOT analysis identified various issues affecting the efficiency and sustainability of mosquito
control operations. The main outcome of our work was the description and comparison of mosquito control operations within the
context of each study site’s biological, social, political, management, and economic conditions. The issues identified in this study
ranged from lack of inter-sector collaboration to operational issues of mosquito control efforts. A lack of sustainable funding
for mosquito control was a common problem for most sites. Many unique problems were also identified, which included lack
of mosquito surveillance, lack of law enforcement, and negative consequences of human behavior. Identifying common virtues
and shortcomings of mosquito control operations is useful in identifying “best practices” for mosquito control operations, thus

leading to better control of mosquito biting and mosquito-borne disease transmission.

© 2007 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Mosquito life cycles and behaviors as well as
mosquito-borne pathogen transmission have been the
subject of intense research for the past 70 years, yet fur-
ther study is still needed about the ecology of mosquito
population dynamics and control in relation to land
use and land change, specifically urbanization [1-5].
It is therefore necessary to assess the biological and
non-biological factors influencing mosquito control
programs in urban areas to assure they are engag-
ing in appropriate activities that lead to the control
of pathogen transmission and a reduction in mosquito
populations.

Various types of mosquito control programs oper-
ate in different countries. These vary from centralized
to decentralized systems, disease system-specific to
general vector control, government-maintained to
community-based control, and specialized to integrated
methods of control. Each mosquito control program
operates within its own unique political, economic,
social, and technological environment. Although, the
definition and context of mosquito control programs
varies among settings and disciplines, the definition
of a mosquito control program used in this study is
any program that conducts mosquito control as a tool
for the prevention of vector-borne disease and/or for
the reduction of nuisance-biting mosquito populations.
This definition is based on the understanding that the
presence of disease pathogen-transmitting mosquitoes
can serve as a serious threat to public health and well
being, and many mosquitoes species can cause moder-
ate to severe annoyance and stress to inhabitants that
are afflicted [6,7]. This all-encompassing definition of

mosquito control program provides a universal concept
of the mosquito as a vector, pest or both. Furthermore,
the definition of mosquito control activities used in this
study is any activity such as killing of mosquito adult
and larvae with chemical and biological insecticides,
environmental management, mosquito control legis-
lation, and mosquito control education that results in
reduced mosquito populations. This definition is used
because specific mosquito control methods may be
more appropriate for different vectors, environments,
social settings, and economic conditions [8—10].

Failures of mosquito control programs have been
attributed to biological factors like insecticide resis-
tance, as well as to non-biological factors like poor
implementation of mosquito control strategies such as
failure to translate national goals into district level
activities [11], failure to enlist trained entomologists
into governmental mosquito control programs [12], and
a lack of understanding of social norms and a society’s
acceptance of mosquito control campaigns [13,14].

In urban areas, several mosquito control chal-
lenges exist. Biological challenges such as insecticide
resistance and vector behavior are major obstacles
in mosquito control [15-18]. Moreover, mosquitoes
may be adapting to new environmental conditions
and pressures [3], necessitating the need for new
mosquito control approaches. Increases in human pop-
ulations, the breakdown in municipal management, and
increased pressure on resources in urban areas can
have detrimental effects on a mosquito control pro-
gram’s operational efficacy, and mosquito prevention
public works activities occurring in urban and rural
environments [1,8]. Additional challenges of managing
mosquito control programs include insufficient fund-
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ing, weak health infrastructures, limited skilled human
capacity, and poor quality private sector services. All
of which play a major role in the success or fail-
ure of mosquito control operations [19]. The relative
importance of these major challenges varies depend-
ing on the disease vector, socio-economic conditions
of the area, management structure of the program,
political will, and other site-specific issues. Despite
the aforementioned problems, urban environments
typically have better administrative and managerial
organization, more elaborate town planning such as
demarcations of residential, industrial, and commer-
cial zones, more access to municipal resources such as
piped water and drainage networks, and more munici-
pal services such as garbage collection and vector/pest
control, relative to rural areas. These amenities may
provide an opportunity to reduce the mosquito burden
in an area, and consequently limit the risk of mosquito-
borne disease [5,20].

The World Health Organization (WHO) has called
for the acceptance of a global strategic framework
for integrated vector management (IVM) [21]. This
entails increased emphasis on using all appropriate
methods of vector control and inclusion of stakehold-
ers to achieve acceptable levels of disease suppression.
Keeping within the spirit of the IVM strategy, we
have assembled an interdisciplinary research group,
the INTERVECTOR consortium, at the University of
Miami in Florida, USA. The term INTERVECTOR
is derived from two main themes: “INTER” refers to
interdisciplinary, international, and inter-agency, while
“VECTOR?” refers to insects that transmit pathogens.
This group consists of Ministry of Health officers and
a multi-disciplinary group of researchers from: Kenya,
Egypt, Israel, Costa Rica, Trinidad, and the USA.

Through this international collaboration we have
identified seven study sites to conduct the assessment
described herein. In this paper we: (i) describe and com-
pare mosquito control programs at seven urban sites,
(ii) describe and compare the management structure
of each program, and (iii) assess each program for
its strengths, weaknesses, opportunities, and threats
using the SWOT analysis tool. This study is meant
to provide a framework for looking at mosquito con-
trol programs in an interdisciplinary manner and bring
awareness to the fact that the likelihood of success for a
mosquito control program requires integration of infor-
mation from socially oriented research in addition to

the biologically based research [22]. The framework
provided here does not include outcome factors such
as measures of reduced disease and mosquito burden,
which would be ideal for evaluating the effectiveness
and efficiency in mosquito control activities; however,
this study does outline some of the political, economic,
social, and technical issues facing mosquito control
programs. Therefore, the goal of this study was not to
quantitatively evaluate the abilities of each mosquito
control program to reduce pathogen transmission nor
reduce mosquito densities. Rather, the goal of the study
was to apply a process, often used in business and novel
to mosquito control assessment, for the understand-
ing of how mosquito control programs operate across
different settings.

2. Methods
2.1. Study sites

The urban sites included in this study are: Malindi
and Kisumu in Kenya; Abu Seir (sub-location in Cairo)
and Matar Imbaba (sub-location in Aswan) in Egypt;
Herzliya (sub-location of Tel Aviv) in Israel; Puntare-
nas in Costa Rica; and St. Augustine in Trinidad.
Features of the study sites and information on the rel-
evant vector-borne diseases in each are provided in
Tables 1 and 2. For example, Table 1 provides an urban
profile for city dynamics, population pressure, access
to municipal services, and social indicators. Table 2
provides a description of disease systems, and com-
position of vector species and ecology. These tables
are meant to show the heterogeneity in the study sites
and provide some level of context for mosquito con-
trol activities. These sites were selected because of the
perceived risk of specific mosquito-borne disease(s) in
these urban sites, and the long standing collaboration
with researchers at those sites, who are also members
of the INTERVECTOR consortium, and the University
of Miami.

2.2. Questionnaires, interviews, and SWOT
analysis

Questionnaires, interviews, focus-group discus-
sions, and personal communications were used to
identify the strength, weaknesses, opportunities, and



Table 1
Urban profile of study sites

Study site urban characteristics® Study site
Kisumu, Malindi, Abu Seir, Egypt Matar Imbaba, Herzliya, Puntarenas, St. Augustine,
Kenya Kenya Egypt Israel Costa Rica Trinidad
Urban classification® Major city Town Peri-urban extension Peri-urban Town Minor city Town
town® extension town®
Description of major urban activity ~ Trade city Tourist town Commercial/ Commercial/ Commercial/ Port city University town
residential town residential town residential town
Population (people) 600,000 80,591 498,110 40,946 86,000 43,000 15,000
HH number in study site 110,000 19,461 115,017 9705 28,000 12,000 5000
HH size (people/house) 5 4 4 4 3 4 3
Study site size (km?) 32 36 ND ND 26 48 246
Population density (people/km?) 6375 2239 ND ND 3308 896 61
HH with electricity (%) 25.0 50.0 99.7 98.5 100 99.0 100.0
HH with sewers (%) 15.0 10.0 98.4 94.6 100 80.0 100.0
HH with piped water (%) 30.0 20.0 85.3 95.4 100 99.0 100.0
Roads paved (%) 40.0 25.0 70 ND 100 60.0 99.0
Adult literacy rate (%) 35.0 81.0 ND ND 97.0 90.3 85.0
Population below poverty line (%) 42.0 26.5 ND ND ND ND 30.0

HH, households; ND, no available data.

2 Demographic information are presented as estimates provided by Ministry of Health officers.

b Urban classification was based on major economic activities, population, and definition of urban provided by municipal officers.
¢ Peri-urban extension town refers to small surrounding towns outside the main urban center of Cairo and Aswan.
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Table 2
Description of major vector-borne disease systems and vector composition for each study site
Disease pathogen Reservoir/ Natural Epidemiological Study site Vector(s)
amplifying host ecology® manifestation
Protozoan disease®
Malaria Human R,S Endemic Kisumu, Kenya Anopheles gambiae ss,
An. arabiensis, An.
funestus
Endemic/epidemic?® Malindi, Kenya An. gambiae ss, An.
arabiensis, An. merus
Epidemic Abu Seir and Matar An. pharoensis, An.
Imbaba, Egypt? sergenti
Arboviral diseases®
Dengue Human, primate® U,S,R Epidemic Malindi, Kenya Aedes aegypti
Epidemic Puntarenas, Costa Rica Ae. aegypti
Epidemic St. Augustine, Trinidad Ae. aegypti
West Nile Virus Birds R,S,U Epidemic Abu Seir and Matar Culex pipiens, Cx.
Imbaba, Egypt antennatus, Cx.
perexiguus
Epidemic Herzliya, Israel Cx. pipiens, Cx.
perexiguus
Rift Valley Fever Ruminants R Epidemic Abu Seir and Matar Cx. pipiens, Cx.

(e.g. cattle)

Imbaba, Egypt

antennatus,

Ocherlotatus caspius

2Though other mosquito-borne disease are also present in each respective study site only those mentioned in this table will be given consideration.
b U, urban; S, suburban; R, rural; the underline designates the most important ecology.
¢ In Malindi there is very low transmission of malaria so it is no clear whether malaria is truly endemic or epidemic.
d Malaria has been found recently in Cairo, and Aswan is at risk for malaria outbreaks.
¢ Primates are not a significant part of dengue transmission in Trinidad, Costa Rica nor Malindi, but they can be part of transmission in other

areas.

threats of each mosquito control program. Question-
naires were filled out with the help of government
officers actively involved in the mosquito control
operations to assess the mosquito control program
organization, activities, and the urban characteristics
for each study site. Interviews and focus-group dis-
cussions were used to examine how mosquito control
was being conducted in each study site, and to identify
some of the challenges faced by each study site. These
responses were than used for strengths, weaknesses,
opportunities, and threats (SWOT) analysis.

The SWOT analysis is a simple, but robust tool
in that it structures information on an organization’s
internal factors (i.e. resources and capabilities of the
organization), and external factors (i.e. circumstances
in which it operates) [23]. Through SWOT analysis,
organizations can identify their positive and negative
attributes and build strategic plans that improve their
strengths and minimize their weaknesses.

As a first step for SWOT analysis, the information
from the questionnaires, interviews, focus-group dis-
cussions, and personal communications were placed
into four major macro-environmental themes: (1)
political/legal, (2) economic, (3) social, and (4) techno-
logical. These four themes are conventional categories
when doing SWOT analysis [24,25]. For the purpose
of this study, these themes were defined as follows: (1)
political/legal refers to the political will, bureaucracy,
and laws influencing mosquito control operations; eco-
nomic refers to the funding aspect of mosquito control
operations; social refers to the social interactions and
perceptions, and community involvement in mosquito
control operations; and technological refers to all
biological and technical aspects of mosquito control
operations such as mosquito behavior and ecology, geo-
graphical environment and operations. The four themes
are relevant to our sites as they capture the major factors
(i.e. biological, social, economic, and political factors)
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affecting mosquito control in each setting. By devel-
oping a framework that highlights these factors using
standard and universally accepted themes, SWOT anal-
ysis can be comparable across different study sites
[24-26], although we recognize that the relative impor-
tance of the various SWOT variables may differ across
countries as a function of cultural and political context.

As a second step for SWOT analysis, the informa-
tion obtained was categorized as a strength, weakness,
opportunity, or threat for the program. Factors that are
desirable practices in mosquito control operations, and
are under the direct handling of the mosquito control
program were considered strengths. Factors that are
non-desirable practices in mosquito control operations
and are under the direct handling of the mosquito
control program were considered weaknesses. Factors
that have the potential to benefit mosquito control
operations, but are not under the direct handling
of the mosquito control program were considered
opportunities. Factors that have the potential to hinder
mosquito control operations, but are not under the
direct handling of the mosquito control program, were
considered threats.

2.3. Ranking of decision-making factors

Ministry of Health officers in each of our study
sites were asked to grade the following factors:
disease epidemiology, vector control resources (i.e.
equipment and materials necessary to do specific
control activities), financial resources (i.e. monies
to fund control activities), technical expertise, man-
power/labor, social/community considerations, busi-
ness/commercial incentives, and government willing-
ness as either major or minor factors, or not considered
when making decisions regarding mosquito control.
Ministry of Health officers were further asked to iden-
tify and rank the top three factors influencing mosquito
control decision-making regarding mosquito control.

2.4. Comparison of mosquito control programs

A comparison of mosquito control programs was
done to determine whether each mosquito control pro-
gram had standard components of a mosquito control
program, as suggested by Hatch et al. [27] and Challet
[28]. Responses from questionnaires, interviews focus-
group discussions, and personal communications were

used to determine whether each mosquito control pro-
gram had the following components:

1. Legislation—laws which function to deter
mosquito proliferation.

2. Entomological  surveillance—monitoring  of
mosquito population.

3. Epidemiological surveillance—monitoring of
mosquito-borne disease.

4. Environmental management—utilization of envi-
ronmentally safe physical methods that modify or
manipulate the environment to make it less con-
ducive for mosquitoes to interact with man.

5. Biological control—safe (to both the human and
environment) utilization of bio-control agents that
kill adult or larval mosquitoes.

6. Chemical control—safe (to both the human
and environment) utilization of chemical control
agents that kill adult or larval mosquitoes.

7. Public education—implementation of campaigns
that inform people on how mosquito-borne
pathogens are transmitted and how they can be
avoided.

8. Activity reports—routine records on mosquito
control activities.

9. Training/continuing education—training and
information on topics related to mosquito-borne
disease and its control.

10. Inter-sector collaboration—joint mosquito and
disease control ventures between government
institutions, international organizations, non-
governmental organizations (NGOs), and commu-
nity stakeholders.

11. Applied local research—continuous investigation
of the biology and distribution of the local
mosquito population and research into control
methods that are appropriate for the local envi-
ronment.

The responses were compiled and reported in matrix
form. We did not verify the utilization of these compo-
nents for mosquito control efforts, nor was it possible
to verify objectivity of the responses through a record
review. However, the people who were interviewed
work closely with mosquito control activities, and
provided us with a description of mosquito control
operations based on their years of experience and
knowledge.
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3. Results
3.1. Organizational diagram

The mosquito control programs assessed had
unique organizational approaches for the control of
mosquitoes (Fig. 1a—f). Aswan, Cairo, and St. Augus-
tine have centralized mosquito control programs, with
a vertical organization of ministries down to the munic-

D.E. Impoinvil et al. / Health Policy 83 (2007) 196-212

ipal level. Kisumu and Malindi, Kenya, Herzliya,
and Puntarenas have decentralized mosquito control
programs, with a horizontal organization of the munic-
ipality or other local institutions and the government
ministries.

Based on the organizational diagrams, all study
sites appear to have some sort of inter-sector col-
laboration or joint ventures with other institutions,
with the exception of Kisumu. The diagram of the

@ o
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i Mosquito control in Kisumu, Kenya :
N i

1
1 1
Division of
FISSIS Environmental
Department
Local Government oo Heatth
Ministry of Health

Mother-Child
Health
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» | 1 1 1 1
lf’ﬂeSt s Bamako Village Health Community Public/Private
osquito S ;
. Initiative Committee Health workers Stakeholders
\___Control Unit

Organizational Diagram Legend

} De-centralized system

—— Main role

]
-

Fig. 1. (a) Organizational diagram for mosquito control operations in Kisumu, Kenya. (b) Organizational diagram for mosquito control operations
in Malinid, Kenya. (c) Organizational diagram for mosquito control operations in Aswan and Cairo, Egypt. (d) Organizational diagram for
mosquito control operations in Herzliya, Israel. (e) Organizational diagram for mosquito control operations in Puntarenas, Costa Rica. (f)
Organizational diagram for mosquito control operations in St. Augustine, Trinidad.
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Puntarenas mosquito control program shows a num- elaborate approach to mosquito control compared to
ber of partners formally involved in mosquito control their previous method of control that consisted of a
suggesting a high level of inter-sector collaboration. centralized system of mosquito control, primarily for

Costa Rica has recently implemented a novel and more malaria prevention. The strategy that is currently being
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Mosquito control in St. Augustine Trinidad
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Fig. 1. (Continued ).

used in Costa Rica uses epidemiological stratifica-
tion of the local site-specific situation to address the
specific needs of the site. In Costa Rica, dengue is
now being viewed as a societal problem that requires
inter-sector collaboration from the national and local
government organizations, the community and private
stakeholders to reduce dengue transmission. Formal
environmental health components, in the form of min-
istries, units, divisions, and sanitation services were
present in all organizational diagrams, with the excep-
tion of Puntarenas. However, environmental activities
were included as part of the general work processes
in Puntarenas. Involvement of other ministries, gov-
ernmental offices, academic institutions, community
institutions, and groups in mosquito control operations,
varied in the different study sites. The organizational
diagram for Malindi and Herzliya shows that the civil
engineering departments were part of mosquito con-
trol operations. Participation of engineering in the
other programs was not evident by the diagrams. The
Ministry of Agriculture and Ministry of Water and Irri-
gation were also involved in mosquito control efforts
in Aswan and Cairo. All but two of the organization

diagrams (Herzliya and Trinidad) revealed the pres-
ence of community participation in mosquito control
operations. Community participation was typically at
the final (bottom) level of mosquito control opera-
tions suggesting that decisions-making was done at the
government level down to the community level. Com-
munity participation for mosquito control activities
varied at different study sites. In Kisumu, commu-
nity activities for mosquito control consist of education
on mosquito control through the training of train-
ers (ToTs) program (educating community groups and
have them educate the greater community) and distri-
bution of insecticide-treated nets (ITNs). In Malindi,
community activities for mosquito control consist of
small-scale draining and filling of water bodies with
mosquito larvae, income generation activities such as
manufacturing of bed nets to be sold to hotels, and
education of residents on mosquito control through the
ToT program. In Egypt, activities are currently under-
way to develop a training of trainers (ToT) program. In
Puntarenas, the Association of Community Networks
participates in mosquito control activities by joining
the education campaign for source reduction activities.
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Table 3
Importance of factors considered when making decisions for mosquito control activities at study sites
Factors Study sites
Kisumu Malindi  Abu Seir Matar Imbaba Herzliya  Puntarenas St. Augustine
Disease epidemiology Major! Major! Major! Major! Major! Major! Major!
Vector control resources Major? Major>  Major’ Major? Major? Major Major
Financial resources Major? Major Major Major Major Major? Minor
Technical expertise Minor Major>  Major Major Minor Minor Major
Manpower/labor Minor Major Major Major Minor Major? Major?
Social/community Minor Major Minor Major Major? Major Major
considerations
Business/commercial Not considered ~ Minor Not considered ~ Not considered ~ Minor Not considered  Not considered
incentives
Government willingness Major Major Major? Major? Major Major Major?

Superscripts (1-3) denote the top three factors driving mosquito control activities.

3.2. Ranking of decision-making factors

The seven study sites varied slightly in what
managers considered as major and minor factors driv-
ing decision-making in mosquito control operations
(Table 3). In all study sites disease epidemiology,
vector control resources, and government willing-
ness were all considered as major factors in the
decision-making process of mosquito control opera-
tions. Financial resources were also a major factor
in the decision-making process in all sites except St.
Augustine, Trinidad, where it was considered a minor
factor. Business and/or commercial incentives were
considered minor factors influencing mosquito control
in Malindi and Herzliya, but in the other study locations
they were not considered.

Of the top three factors considered when making
decisions for mosquito control activities, disease epi-
demiology was the number one factor for all study sites.
Five (Kisumu, Malindi, Abu Seir, Matar Imbaba, and
Herzliya) of the seven study sites identified vector con-
trol resources as one of the top three factors considered
when making decisions for mosquito control activities;
making it the second most commonly mentioned fac-
tor. Vector control resources were ranked second in
Kisumu, Malindi, and Herzliya and ranked third in Abu
Seir and Mata Imbaba. Three (Abu Seir, Matar Imbaba,
and St. Augustine) of the seven study sites identified
government willingness as one of the top three fac-
tors considered when making decisions for mosquito
control activities, with all three sites ranking it as the
second most important factor.

3.3. SWOT analysis

The results of the SWOT analysis are summarized in
Table 4. Though, the results for SWOT were similar at
sites within Kenya and Egypt, there were differences
reported. For example, in Malindi it was mentioned
that competing activities from the national govern-
ment causes redundancy in projects and undermines the
efforts of the local government, while in Kisumu it was
reported that funding was provided by several differ-
ent ministries to help support mosquito control efforts.
Common to these seven mosquito control programs
is the concern of funding for their mosquito control
efforts. Generally, this was a threat for all mosquito
control programs. In Trinidad however, this seemed
to be less of a problem, since considerable funding
was available for mosquito control efforts; it was also
reported that the funding received for mosquito control
was influenced by the political climate. Conversely, the
Israeli government was increasing monies for mosquito
control to combat West Nile Virus, which would benefit
Herzliya. However, with increasing threat from other
disease outbreaks such as SARS and avian flu, this
funding may be limited. In Kenya, issues of corrup-
tion and an informal sector that does not pay taxes was
reported as a major problem for mosquito control.

3.4. Cross-comparison
Table 5 shows a cross-comparison of techniques

used to control mosquitoes in each study site. Her-
zliya and St. Augustine were the only study sites that



Table 4

Cross-tabulation of SWOT analysis of mosquito control programs at seven study sites

Study site Internal factors External factors
Strengths (desirable practices) Weaknesses (non-desirable practices) Opportunities (benefits to performance) Threats (obstacles to performance)
Kisumu Presence of mosquito control laws (P) Low community involvement (S) Government perception of mosquito control as a Corruption in Kenya prevents enforcement of laws (P)
major public health priority (P)
Inter-sector funding (E) Availability of international funds for malaria Large percentage of population employed by informal sector;
control (E) low tax collection (E)
Plans for guided community-based Presence of existing community-based Human behavioral practices may increase mosquito burden (S)
mosquito control (S) programs-Bamako initiative (S)
Strategic planning for integrated Synergy of mosquito control may be feasible (T)
mosquito control (T)
Malindi Presence of mosquito control laws (P) Competing activities at national and Government perception of mosquito control as a Corruption in Kenya prevents enforcement of laws (P)
local level (P) major public health priority (P)
Plans for guided community-based Lack of funding (E) Local government desires to boost tourism (E) Large percentage of population employed by informal sector;
mosquito control (S) low tax collection (E)
Strategic planning for integrated Lack of good integrated mosquito Availability of international funds for malaria Human behavioral practices may increase mosquito burden (S)
mosquito control (T) control (T) control (S)
Presence of existing community-based Topography may be a factor, which allow mosquitoes to
programs-Green Town Movement (T) propagate (T)
Synergy of mosquito control may be feasible (T)
Aswan Strategic planning for integrated Poor awareness of the people (S) High level of access to municipal services (T) Government perception mosquito control as a minor public
mosquito control (T) health priority (P)
Egyptian universities has conducted elaborate Low sanitation index (S)
entomological research (T)
Resource development projects may increase disease
transmission (S)
Human migration poses risk for increased disease transmission
S
Poor understanding of mosquito-borne disease transmission in
Egypt (S)
Mosquito control operations not based on scientific information
and data of target vector (T)
Cairo Strategic planning for integrated Restricted access to military sites Better mosquito control organization in capital Government perceptions that reports of disease will affect
mosquito control (T) where mosquitoes are known to be city (P) tourism (P)
breeding (P)
Utilization of poor mosquito control High level of access to municipal services (S) Low sanitation index (S)
methods (T)
Egyptian universities has conducted elaborate Human migration poses risk for increased disease transmission
entomological research (T) S)
Poor understanding of mosquito-borne disease transmission in
Egypt. Mosquito control operations not based on scientific
information and data of target vector (S)
Presence of breeding sites that are difficult to control (T)
Tel Aviv Presence of mosquito control laws (P) Restricted access to military sites New laws related to mosquito control are being National security and terrorism threats makes control difficult

Good integrated mosquito control (T)

where mosquitoes are known to be
breeding (P)

Short term funding for mosquito
control (E)

Lack of intersectoral collaboration

(T)

written (P)

Additional governmental funding for mosquito
control is being provided (E)
Public awareness (S)

P)
New disease threats are causing a shift in funding (E)
Community view that national and local governing bodies are

responsible for providing all solutions to problems (S)
Geography puts Israel at risk for West Nile outbreaks (T)
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reported the use of all techniques to control mosquitoes,
which would suggest that these programs are robust
in their mosquito control operations. The components
listed in Table 5 are meant to serve as guidelines for
mosquito control, and are not a standard method of
organization [27,28]. This is important because not
all components may be appropriate or feasible for a
mosquito control program to achieve success in reduc-
ing pathogen transmission or mosquito abundance.
However, by having these components in place, it is
likely that mosquito control activities will be enhanced
[19,27-29].

Human behavioral practices may increase mosquito burden

S)

Buildings are built without regards to planning (no trained

urban planners) (P)
Lack of concordance between entomological indices and

disease indices (T)
Changes in vector behavior in urban environment (T)

Threats (obstacles to performance)

4. Discussion

In this study we describe and compare mosquito
control programs in urban areas identified as part of
our INTERVECTOR projects. We outline the mosquito
control organizational structure used in each urban
area; provide a context of mosquito control in terms

Opportunities (benefits to performance)

High level of access to municipal services (S)
Private sector may have interest in

Relatively low demographic pressure (S)
Increasing mosquito control education being
offered to Ministry officers (S)

Synergy of mosquito control may be feasible
Technical support from international

P, political/legal, refers to the political will, bureaucracy, and laws influencing mosquito control; E, economic, refers to the funding aspect of mosquito control operations; S, social refers to the social

interactions and views, and community involvement in mosquito control operations; T, technological refers to all aspects of the biological and technical aspects of mosquito control operations.
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Table 5
Cross-comparison of techniques used by each mosquito control program
Category Study sites

Kisumu Malindi Cairo Aswan Herzliya Puntarenas St. Augustine
Legislation + + ND ND + + +
Entomological surveillance + - + + + + +
Epidemiological surveillance + + + + + + +
Environmental management + + + - + + +
Biological control - — — — + — +
Chemical control + + + + + + +
Public education + + - - + + +
Activity reports + + + + + + +
Training/continuing education + - + + + + +
Inter-sector collaboration + + + + + + +
Applied local research - — - — + + +

ND, no available data; plus sign, technique used by mosquito control program; minus sign, technique not used by mosquito control program.

of functional drainage systems for the prevention of
mosquito proliferation is occurring. Awareness of the
organization structure of mosquito control programs
and its participants may provide underlying reasons of
how mosquito control operate in a country, and how it
can potentially be improved upon through integration
of other relevant ministries, institutions, organizations,
Or groups.

In Table 3 we provide a ranking of factors con-
sidered when making decisions regarding mosquito
control activities. Understanding decision-making pro-
cesses, and the relative importance assigned to factors
that influence mosquito control programs, is impor-
tant because decision-makers can make their decision
based on intuition, empirical evidence, or on other con-
siderations that include crises, current public opinion,
political interests, or the concerns of organized interest
groups [30]. The lack of evidence-based decision-
making can be a major obstacle to effective mosquito
control. Decisions that are made without the consider-
ation of the epidemiological and biological situation
may lead to neutral outcomes such as no impact
on disease transmission or no reduction in mosquito
vector populations. In Malindi, it was reported that
entomological surveillance for their mosquito con-
trol program was not conducted (Table 4); this may
suggest that factors other than entomological surveil-
lance, are utilized to make decisions for mosquito
control.

This study has the potential to inform decision-
makers and guide mosquito control policy. Matching

of strengths, weaknesses, opportunities, and threats
together may provide strategic approaches to managing
mosquito control. In Malindi, for example, mosquito
control is considered a major public health priority
because of the positive effects it has on the economy
through tourism; this was viewed as an opportunity
for mosquito control (Table 4). Alternatively, Malindi
lacks adequate funding to engage in good mosquito
control; this was a weakness of mosquito control.
By matching this opportunity with this weakness,
Malindi should consider implementation of a tourist’s
tax devoted for mosquito control operations (Table 4).
To increase inter-sector collaboration, the Ministry
of Tourism could be involved in mosquito control
programs.

In Cairo and Aswan, SWOT analysis revealed the
opportunity that the universities in Egypt have done
elaborate studies related to mosquito biology and con-
trol; however, they are not included in the organization
diagram of mosquito control organization (Table 4).
In Egypt, it was suggested that mosquito control
operations may not be based on scientific data and
information about the target species (Table 4). By incor-
porating results of scientific research from academic
institutions, ministries can inform the implementation
of sound interventions that best affect the biologi-
cal specificities of the targeted vector. The Egyptian
government should consider involving Egyptian uni-
versities in a more active role in general mosquito
control operations. This would allow the academic
study of vectors to have practical implications, thus
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bridging a gap between research and field implemen-
tation of mosquito control.

The government officers involved in the mosquito
control programs at different study sites reported that
they do have many of the essential components for
mosquito control as suggested by Hatch and others
[27] and Challet [28,29] (Table 5). However, they also
reported having problems with pathogen transmission
and the nuisance associated with biting mosquitoes
in their environments. We speculate that though these
government officers may report that they have the var-
ious components in place to control mosquito vectors,
it is possible that these strategies are either: (1) not
being used efficiently, (2) not being properly integrated
in a manner that leads to reduced pathogen transmis-
sion and nuisance-mosquito burden, or (3) insufficient
to control mosquitoes and disease and require a dif-
ferent conceptual approach. Whatever the case, we
conclude that increased evaluation of the mosquito con-
trol programs is mandatory to identify the weaknesses
and strengths of mosquito control programs to manage
pathogen transmission and mosquito population.

Heavy emphasis on the study of the biology of
mosquito-borne disease and development of novel
control methods has overshadowed the study of man-
agement of mosquito control operations in developing
countries. Barat and others reviewed four malaria
control programs that were successful in reducing
malaria burden [19]. The common success factors that
were identified included, conducive country condi-
tions, a targeted technical approach using a package
of effective tools, data-driven decision-making, active
leadership at all levels of government, involvement
of communities, decentralized implementation and
control of finances, skilled technical and managerial
capacity at national and sub-national levels, hands-on
technical and programmatic support from partner agen-
cies, and sufficient and flexible financing [19]. These
factors may be useful for the sites we studied, in par-
ticular data-driven decision-making.

Understanding local variability in mosquito con-
trol programs is needed. However, mosquito control
approaches applied in one study site may also be
effective in another study site in some situations [31].
The importance of this is that each of our INTER-
VECTOR study sites could potentially adopt strategies
that are used by other sites to address similar issues.
For example, in Malindi managers of hotel businesses

are being approached to support community-based
mosquito control efforts. These managers are being
persuaded to assist in these efforts because less vector-
borne disease and less nuisance biting from mosquitoes
could lead to increased benefit for their businesses.
Each study site could essentially do the same by appeal-
ing to the dominant business in the area.

In a historical review of malaria control, Najera
stated, ‘“the definition not only of the control
approaches but also of their conditions of applicability
will become more precise as experiences are accu-
mulated and adequately documented from different
types of epidemiological situations.” [31]. Therefore,
the need for interdisciplinary studies of mosquito con-
trol program using techniques such as SWOT analyses
is important, not only for complementing biological,
epidemiological, and ecological studies, but also facil-
itating them.

5. Conclusion

In this study, using site-specific urban and disease
characteristics, organizational diagrams, and SWOT
analysis tools, we describe and compare mosquito con-
trol programs at seven urban sites in Kenya, Egypt,
Israel, Costa Rica, and Trinidad.

Discovery that the organizational structure of each
mosquito control program was heterogeneous at each
study sites was not surprising, in that each mosquito
control program is attempting to address differ-
ent issues in regards to disease(s) and mosquitoes.
Additionally, the varied geographical settings, socio-
economic character, and political and cultural contexts
also can contribute to the heterogeneous organization
of mosquito control programs. By comparatively look-
ing at the organizational diagrams of different study
sites, major and supporting entities of the programs
were observed. For example, Kisumu and Malindi
seem to rely heavily on the community organization
to assist in delivering mosquito and disease control to
the broader community. Further, understanding the fac-
tors that influence mosquito control decision-making
lend insight into how decision-makers view mosquito
control. In this study, several factors were ranked as
major factors in decision-making for control such as
vector control resources and government willingness;
however, the number one major factor for all study
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sites in mosquito control decision-making was disease
epidemiology. The fact that disease epidemiology was
recognized as a key component in decision-making
in mosquito control suggests that the evidence-based
decision-making may be occurring at the study sites;
however, the extent to which this is being done effec-
tively and efficiently is not known. Proper use of
evidence-based decision-making will reduce the deci-
sions being made on external factors, which may have
lower relevance for mosquito control.

Outlining and comparing some of the merits and
deficiencies of mosquito control programs through
analyses such as SWOT provides a framework to
develop novel mosquito control programs that contain
necessary features for effective and efficient mosquito
control operations. Similarly, by matching various fac-
tors of successful mosquito control programs, better
approaches to mosquito control can be developed.
For example, in Malindi, by matching the mainstay
industry of tourism with the threat of deficient fund-
ing for mosquito control, possibly a tourist tax may
be imposed that would fund mosquito control opera-
tions. By developing a comprehensive understanding
of the various factors involved in mosquito control,
strategies can be developed that are not only sensi-
tive to political, economic, social, and technical aspects
of the urban environment, but also responsive to the
burden caused by mosquitoes and mosquito-borne
disease.

Several methods of mosquito control are in place
in different countries for different reasons, and beyond
biological rationale there is only intuitive reasoning for
why various countries adopt the system of operations
they do for mosquito control. By comparing mosquito
control programs, as done in this study, common and
unique themes can be identified and plans can be put in
place to improve the operational efficacy and efficiency
of mosquito control programs.

Acknowledgements

We thank Tina Collazo for administrative and tech-
nical assistance, and members of our INTERVECTOR
research team at the University of Miami for their com-
ments and suggestions on this manuscript. This study
was supported by the National Institute of Health grant
number, P20 RR020770.

References

[1] Knudsen AB, Slooff R. Vector-borne disease problems in rapid
urbanization: new approaches to vector control. Bulletin of the
World Health Organization 1992;70:1-6.

Lines J, Harpham T, Leake C, Schofield C. Trends, priorities

and policy directions in the control of vector-borne diseases in

urban environments. Health Policy and Planning 1994;9:113—

29.

Patz JA, Graczyk TK, Geller N, Vittor AY. Effects of envi-

ronmental change on emerging parasitic diseases. International

Journal for Parasitology 2000;30:1395—405.

[4] Patz JA, Daszak P, Tabor GM, Aguirre AA, Pearl M, Epstein

J, Wolfe ND, Kilpatrick AM, Foufopoulos J, Molyneux D,

et al. Unhealthy landscapes: policy recommendations on land

use change and infectious disease emergence. Environmental

Health Perspectives 2004;112:1092-8.

Robert V, Macintyre K, Keating J, Trape JF, Duchemin JB,

Warren M, Beier JC. Malaria transmission in urban sub-Saharan

Africa. American Journal of Tropical Medicine and Hygiene

2003;68:169-76.

National Academy of Sciences. Urban Pest Management.

National Research Council, Washington, DC: National

Academy Press; 1980.

[7] Medical entomology for students. London: Chapman and Hall;

1996.

[8] WHO. Integrated vector control. In: Seventh report of the-

WHO Expert Committee on vector biology and control, vol.

688. World Health Organization Technical Report Series;

1983. p. 1-72. Available at: http://whqlibdoc.who.int/trs/WHO_

TRS_688.pdf. Accessed February 14, 2007.

Mitchell CJ. Environmental management for vector control.

In: Beaty BJ, Marquardt WC, editors. The biology of dis-

ease vectors. Niwott, CO: University Press of Colorado;

1996.

[10] WHO. Environmental management for vector control. In: Third
report of the WHO Expert Committee on vector biology and
control, vol. 649. World Health Organization Technical Report
Series; 1980. p. 1-75. Available at: http://whqlibdoc.who.
int/trs/WHO_TRS_649.pdf. Accessed February 14, 2007.

[11] Alilio MS, Kitua A, Njunwa K, Medina M, Ronn AM, Mhina
J, Msuya F, Mahundi J, Depinay JM, Whyte S, et al. Malaria
control at the district level in Africa: the case of the muheza
district in northeastern Tanzania. American Journal of Tropical
Medicine and Hygiene 2004;71:205-13.

[12] Gratz NG. Education and employment of medical entomolo-
gists in Aedes aegypti control programmes. Gaoxiong Yi Xue
Ke Xue Za Zhi 1994;10(Suppl.):S19-27.

[13] Suarez MR, Olarte SM, Ana MF, Gonzalez UC. Is what I have
justa cold oris it dengue? Addressing the gap between the poli-
tics of dengue control and daily life in Villavicencio-Colombia.
Social Science and Medicine 2005;61:495-502.

[14] Whiteford LM. The ethnoecology of dengue fever. Medical
Anthropology Quarterly 1997;11:202-23.

[15] Roberts DR, Andre RG. Insecticide resistance issues in vector-
borne disease control. American Journal of Tropical Medicine
and Hygiene 1994;50:21-34.

[2

—

[3

=

[5

=

[6

=

[9

—


http://whqlibdoc.who.int/trs/WHO_TRS_688.pdf
http://whqlibdoc.who.int/trs/WHO_TRS_688.pdf
http://whqlibdoc.who.int/trs/WHO_TRS_649.pdf
http://whqlibdoc.who.int/trs/WHO_TRS_649.pdf

212 D.E. Impoinvil et al. / Health Policy 83 (2007) 196-212

[16] Crampton JM. Approaches to vector control: new and trusted.
3. Prospects for genetic manipulation of insect vectors. Trans-
actions of the Royal Society of Tropical Medicine and Hygiene
1994;88:141-3.

[17] Curtis CF. An overview of mosquito biology, behaviour and
importance. Ciba Foundation Symposium 1996;200:3-7.

[18] Pates H, Curtis C. Mosquito behavior and vector control. Annual
Review of Entomology 2005;50:53-70.

[19] Barat LM. Four malaria success stories: how malaria burden
was successfully reduced in Brazil, Eritrea, India, and Viet-
nam. American Journal of Tropical Medicine and Hygiene
2006;74:12-6.

[20] WHO. Financial implications for integration of vector con-
trol activities in primary health care. Geneva: World Health
Organization; 1986. p. 1-6. Available at: http://whqlibdoc.
who.int/hg/1985-86/VBC_PMO_SG_WP_86.13.pdf. Accessed
February 14, 2007.

[21] WHO. Global strategic framework for integrated vector
management. Geneva: World Health Organization; 2004.
p. 1-15. Available at: http://whqlibdoc.who.int/hq/2004/
WHO_CDS_CPE_PVC_2004_10.pdf. Accessed February 14,
2007.

[22] Mwenesi HA. Social science research in malaria prevention,
management and control in the last two decades: an overview.
Acta Tropica 2005;95:292-7.

[23] Kaufman R, Oakley-Browne H, Watkins R, Leigh D. Strate-
gic planning for success: aligning, people, performance,
and payoffs. San Francisco: John Wiley & Sons Inc.;
2003.

[24] Genus A. Flexible strategic management. London: Chapman
and Hall; 1995.

[25] Hannagan T. Mastering strategic management. New York: Pal-
grave; 2002.

[26] Johnson G, Scholes K. Exploring strategic management. Scar-
borough, Ontario: Prentice Hall; 1989.

[27] Hatch CL, Williams JW, Jarinko PA. Guidelines for measuring
proficiency as an aid in mosquito abatement program assess-
ment. Mosquito News 1973;33:228-33.

[28] Challet GL. Mosquito abatement district programs in the
United States. Gaoxiong Yi Xue Ke Xue Za Zhi 1994;
10(Suppl.):S67-73.

[29] Challet GL. Elements of a vector control program. Journal of
the American Mosquito Control Association 1991;7:103-6.

[30] Pappaioanou M, Malison M, Wilkins K, Otto B, Goodman RA,
Churchill RE, White M, Thacker SB. Strengthening capacity
in developing countries for evidence-based public health: the
data for decision-making project. Social Science and Medicine
2003;57:1925-37.

[31] Najera JA. Malaria control: present situation and need for his-
torical research. Parassitologia 1990;32:215-29.


http://whqlibdoc.who.int/hq/1985-86/VBC_PMO_SG_WP_86.13.pdf
http://whqlibdoc.who.int/hq/1985-86/VBC_PMO_SG_WP_86.13.pdf
http://whqlibdoc.who.int/hq/2004/WHO_CDS_CPE_PVC_2004_10.pdf
http://whqlibdoc.who.int/hq/2004/WHO_CDS_CPE_PVC_2004_10.pdf

	Comparison of mosquito control programs in seven urban sites in Africa, the Middle East, and the Americas
	Introduction
	Methods
	Study sites
	Questionnaires, interviews, and SWOT analysis
	Ranking of decision-making factors
	Comparison of mosquito control programs

	Results
	Organizational diagram
	Ranking of decision-making factors
	SWOT analysis
	Cross-comparison

	Discussion
	Conclusion
	Acknowledgements
	References


