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Abstract.   Genetically Modified Mosquitoes (GMMs) have been long proposed as a potential tool for malaria control. 
The challenges posed by current control strategies of bednet usage, Indoor Residual Spraying and larviciding, as well 
as the development of insecticide resistance to all the major classes of insecticides used against the vectors, have led to 
a renewed interest in the use of GMMs. Despite the achievements in developing GMMs, there are risks, benefits and public 
acceptance challenges that must be addressed in every country before any field trials and eventual releases can be 
undertaken. While various studies on attitudes to GMMs and open releases have been undertaken in some developed 
countries, this information is missing in Africa and other developing countries. We carried out a pilot questionnaire study, aimed 
at understanding the needs, requirements and factors necessary for the acceptance of GM mosquitoes as a potential malaria 
control tool in Ghana. The results showed that some individuals were open to accepting GMMs despite the perceived risks, and 
that whether or not they accepted them was not influenced by education, age, sex or religion. Public education and stakeholder 
consultations will be essential in obtaining public consent, before embarking on any malaria control using GMMs.

Keywords:   Genetically Modified Mosquitoes (GMMs), Ghana, Public engagement

INTRODUCTION

Plasmodium falciparum malaria is a major mosquito-
borne disease of public health importance, causing over 
600,000 deaths a year, especially in children in sub-Saharan 
Africa (WHO, 2013). Various intervention and control 
strategies, such as the distribution of anti-malarial drugs, change 
in policy for more efficacious drugs against drug-resistant 
parasite strains (Koram et al., 2005), and vector control 
strategies using Indoor Residual Spraying (Pluess et al., 
2010), Insecticide Treated Nets (Lengeler, 2004), and 
larviciding (Devine and Killeen, 2010) have been 
implemented with varying degrees of success. The 
continuous use of insecticides for control activities has however 
led to the emergence of resistance among the mosquito vectors 
(Ranson et al., 2009). This calls for new methods and tech-
niques for malaria vector control in endemic countries. The use 
of Genetically Modified Mosquitoes (GMMs) has been pro-
posed as one such strategy, which requires the development of 
P. falciparum resistant mosquito strains that are capable 
of inhibiting parasite development and their transmission 
(Isaacs et al., 2012). 
     The basic concept of genetic control of vector-borne 

diseases was proposed by Curtis (1968). Based on 
laboratory successes in the development of virus- and 
protozoan-resistant mosquito strains, the WHO/TDR 
identified 3 research aims that would have to be met before a 
genetic control strategy could be field tested (World Health 
Organization, 1991). These aims are: (i) the development 
of genetic engineering tools that could be used with malaria 
vectors; (ii) the identification of effector genes that could 
block parasite transmission; and (iii) the development of 
effective methods for driving these effector genes to fixation 
in natural vector populations. Based on these aims, several 
methods of germline transformation have been developed 
for use against at least three species of malaria mosquito 
vectors (Catteruccia et al., 2000; Coates et al., 1998; 
Grossman et al., 2001; Isaacs et al., 2012). Genetic 
constructs that significantly reduce vector competence 
in experimental malaria models have also been developed 
(Capurro et al., 2000; Ito et al., 2002). Population 



77AsPac J. Mol. Biol. Biotechnol. Vol. 21 (3), 2013

replacement strategies for controlling transmission of 
mosquito-borne diseases call for the introgression of 
anti-pathogen effector genes into vector populations, 
thereby interrupting transmission. It is anticipated that 
these genes, if present at high enough frequencies, will 
impede transmission of the target pathogens and result in 
reduced human morbidity and mortality (James, 2005; 
Marshall and Taylor, 2009; Terenius et al., 2008). 
For malaria control using GMMs, it has been suggested 
that control programs may not be effective if the efficiency 
of the engineered mosquito is less than 100% 
(Boete and Koella, 2002).   
 The achievements in developing GMMs, and 
the field releases that have been undertaken in the 
Cayman Islands (Harris et al., 2011; 2012), Malaysia 
(Subramaniam et al., 2012) and Brazil for the control 
of dengue, call for a focus on the ethical and sociological 
aspects governing the potential use of GM mosquitoes 
(Boëte and Beisel, 2013). Public acceptance is 
required - in the face of strong skepticism against 
genetically modified organisms (GMOs) in both 
developed and developing nations (Boëte and 
Beisel, 2013; Bohannon, 2002). Thus, there is the need to 
understand the public’s views and incorporate their fears and 
aspirations into disease control strategies involving GMMs.
  In developed countries, various studies on public 
attitudes to GMOs have been undertaken 
(Gaskell et al., 2003; Macer et al., 1997; Martin and Tait, 
1992; Masakazu and Macer, 2003; Moon and 
Balasubramanian, 2001; Ng et al., 2000). Discussions and 
protocols have also been established for the public release of 
GMMs (Benedict et al., 2008; Lavery et al., 2008; Mumford 
et al., 2009). However, in disease endemic countries little 
investigation has been conducted (Marshall et al., 2010a; 
Marshall et al., 2010b). Some sub-Saharan African countries 
are gradually establishing regulatory mechanisms for the 
introduction and testing of GMOs. For example, the 
Government of Ghana in 2011 passed the Biosafety 
Act 831, 2011, which will enable Ghana to allow the 
application of biotechnology, including GMOs, in food crop 
production(http://173.1.128.235/assets/News_Photos/
biosafetyact2011.pdf ). Similar examples can be given 
in the form of the Zambian Biosafety Act 2007 (http://
faolex.fao.org/docs/pdf/zam78318.pdf ), and Kenya 
Biosafety Act 2009 (http://www.kenyalaw.org/klr/fileadmin/
pdfdownloads/Acts/BiosafetyAct_No2of2009.pdf ).  
In anticipating the needs for establishing protocols and 
biosafety mechanisms, initiatives such as the “African 
training course on biosafety for human health and the 
environment in relation to potential release of genetically 
modified disease vectors”, supported by the WHO-TDR, 
have aimed at training individuals to provide information 
and support towards future initiatives involving the use of 
GMOs and genetically modified vectors (GMVs) in African 
countries. Thus, this pilot study aimed to understand the 
requirements and necessary factors for the acceptance of GM 
mosquitoes as a potential malaria control tool in Ghana.

METHODS AND MATERIALS

Study area.   This study was conducted in and around the 
University of Ghana (UG) campus at Legon, Accra, Ghana. 
People from different backgrounds and ethnicity, and from 
all over Ghana, work at the UG or go there to study. As such, 
the UG campus and its surrounding communities have been 
selected as a study site, in order to maximize the possibilities 
of sampling the views of people from different backgrounds.

Study design and data collection.   The survey was 
carried out using a modified questionnaire designed by 
Marshall et al., (2010b), and structured to include a short 
section on demographic information, knowledge on 
malaria, heredity, GMOs and GMMs. The questionnaire 
consisted of both closed and open ended questions to allow 
respondents to present their own perspectives beyond the coded 
categories provided (See Appendix 1). Since the University 
community is a literate population, the questionnaire was 
self-administered. Adequate instructions and information 
was provided to aid respondents to fill in the questionnaire 
correctly. Outside the university community, individuals 
with primary and secondary education, who had difficulties 
in reading, writing and understanding the questions, had 
the questionnaire administered to them by trained research 
assistants. However, the influence of the trained 
personnel was minimized by allowing them to select their own 
responses.

Participant selection.   The population of the University 
of Ghana is roughly 30,000. However, considering the 
difficulties in assessing the population of the 
University of Ghana, together with that of the 
surrounding communities, the population size of the 
Accra Metropolitan Area (AMA), in which the study area 
falls, was used. Thus, based on a population of 1,695,136 
individuals in the AMA (http://www.ghanadistricts.com/
districts/?r=1&_=3&sa=3004), the minimum sample size 
of questionnaires that must be administered, based on an 
expected response rate of 85% and a 95% confidence interval, 
was determined to be 196. In total 210 questionnaires were 
administered for the study. The method of respondent 
selection varied according to the location, but in each case 
only individuals 18 years and above were selected for the 
study. 
     On the UG campus, the questionnaire was 
administered to 100 individuals. To obtain a 
representative sample, stratified random sampling was applied 
to the UG population. This was to enable us cover the UG 
population as thoroughly as possible, and avoid sampling only 
those people from a particular location. The population was 
classified into students, lecturers and non-teaching staff. 
The selection of student participants was further classified 
according to the main halls of residence on the university 
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campus. Thus, there were on average 14 participants in 
each category. Study participants in all the different 
classifications were selected by simple random sampling 
generated by computer-based programming, in Microsoft 
Excel®. For example, a generated sampling frame of 1, 3, 4, 
8, etc. determined that the views of the first, third, fourth 
and eighth person encountered by the survey team were 
sampled. This continued until the number (14) required 
for each classification was reached.  Outside the university 
campus, 110 respondents were selected randomly, using the 
same sampling frame.

Data Analysis.   Collected data were entered and 
analyzed in Epi InfoTM 7, a freely available software from the 
Centers for Disease Control and Prevention (CDC).  
Qualitative variables were presented as frequencies and 
percentages. Using the Kruskal-Wallis test, the influence of 
age group, sex, religion and education level on the decision 
to accept/refuse GMMs were estimated, with confidence 
limits of 95%. The Mantel-Haenszel test was used to estimate 
the common odds ratio and to test the significance of the 
overall degree of association between demographic 
variables and responses. Content analysis was conducted on the 
narrative data. Similar narratives were grouped together and 
representative narratives were selected for presentation to 
complement the quantitative findings for clarity and better 
understanding.

Ethical Considerations.   Approval for this study was 
obtained from the Institutional Review Board of the 
Noguchi Memorial Institute for Medical Research, 
University of Ghana, Legon. Information regarding the 
study was given to each study respondent and written 
consent was obtained before the questionnaire was given 
out.

RESULTS

The response rates to the questionnaire were 
encouraging. On the university campus, out of 100 
questionnaires given out, 98 (98%) were answered 
and returned. In the surrounding communities, 110 
questionnaires were given out and 105 (95.5%) were 
returned. 
    The majority of study respondents (80.3%) were in 
the age category 18-29 years. Figure 1 shows the age 
distribution chart of the study participants. 60.8% of the 
respondents were male and 39.2% were female. 87.4% were 
Christian, and 9.6% were Muslim. The remaining 3% did 
not specify their religion. In the communities around the 
university campus, most of the respondents had some level 
of formal education: Basic Education (4.0%), Secondary 
Education (57.4%), Tertiary education (33.7%), and Post 

Figure 1. Age distribution of the overall study population. The age groupings of the study participants and the 
number of males or females in each group are shown.
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Graduates (4.0%). Only one person did not have any formal 
education. On the university campus however, all 
individuals surveyed had tertiary education or above.    
  187 (92.1%) of the people surveyed correctly 
identified mosquitoes as the main cause of malaria. 
Other causes identified were rain/standing water, poor 
hygiene, pollution, cold weather and wind. Most 
study participants also knew the symptoms of malaria: 
listing fever, cold/shivering, vomiting, headache, loss of 
appetite and body-ache, listed in order of importance.
  This study sought to determine the participants’ 
understanding of heredity, selective breeding and GMOs. 
Thus, they were asked if they could identify the causes 
of similarity between parents and offspring. The causes 
identified in descending order of importance were genes, 
blood and God (Table 1). Mangoes, goats, chicken and 
oranges were identified as the most selectively bred 
organisms, whiles GM corn (45/195) was the number 
one identified GMO. Others also mentioned GM 

Sources of 
Information

UG Campus 
(%)

Outside 
Community (%)

Total 
(%)

Internet 47 (48.0) 40 (38.1) 87 (42.9)
Radio 19 (19.4) 47 (44.8) 66 (32.5)
TV 29 (29.6) 51 (48.6) 80 (39.4)
Newspaper 36 (36.7) 26 (24.8) 62 (30.5)
Friends 16 (16.3) 16 (15.2) 32 (15.8)  

Table 2 Sources where study participants, from the 
University of Ghana (UG) campus and surrounding 
communities, got their information on Genetically 
Modified Organisms.

mangoes, GM rice, GM chicken, GM plantain, GM 
millet and GM cotton as known GMOs. Of the 203 
respondents 92 (45.3%) of respondents said they would 
accept GM foods, whilst 76 (37.4%) said they would 
not. The remaining 35 (17.2%) responded as either 
“Maybe” or “It depends on…”. Generally, television (39.4%), 
radio (32.5%) and internet (42.9%) were the three main 
sources of information regarding GMOs (Table 2). 
However, the main sources of information varied between the 
two groups, with the UG Campus community mainly accessing 
information from the Internet (48%), newspapers 

(36.7%) and television (29.6%), while people from the 
surrounding communities mainly got their information 
from the television (48.6%), radio (44.8%) and Internet 
(38.1%). 129 (63.6%) of the study respondents had never 
heard of GMMs.
     The study respondents were asked to list their concerns 
regarding GMMs and varied concerns were mentioned. 
Only 48 people, all from the University community. pro-
vided narratives to this question. The concerns listed were 
danger to humans and the environment (22/48), resistance 
of GMMs to control measures (9/48), transmission of other 
diseases (3/48), ethical and religious issues (1/48), and the 
effectiveness of the technology (13/48). These positions were 
supported by the following example narratives:

-Long term widespread ecological implications unknown, 
their populations may grow to unmanageable levels, malaria 
parasites may adapt to the new host keeping the 
disease alive in a form for which there is no treatment. (38 years 
old, male university worker)

-How certain is this going to be successful, will there be no 
adverse consequences to both human and ecology? (26 years old, 
male university student).

-A genetic modification can yield a suitable trait alright but 
can also cause another unknown unfavourable trait, so all 
possible options must be reviewed (19 years old, male university 
student).

-What is the chance of the GM mosquitoes spreading the 
transgenic resistance to the wild? (23 years old, female university 
student).

-It should be carried on condition it can really reduce the rate 
of transmission of malaria (22 years old, female university 
student).

     In addition to these, the respondents were asked to 
rank some pre-identified concerns. Generally, 45.1% 
were very concerned about GMMs, 22.7% did not 
know, 21.3% were a little worried, and 10.9% were 
not worried about GMMs. The cost of development 
and implementation was the least significant of the 
concerns, whiles the continued transmission of malaria 
by GMMs was the most important concerns (Figure 2).
     Participants were also asked to rank some identified 
requirements to be met before accepting GM 
mosquitoes in terms of importance (with the responses ‘very 
important’, ‘moderately important’, ‘not important’ 
and ‘don’t know’). In general, 54.8% of respondents 
considered it to be ‘very important’ for certain requirements 
to be met before accepting GMMs in Ghana, while 28.0% 
considered the requirements to be ‘moderately 
important’, 9.3% considered the requirements to be of no 
importance and 7.9% did not know. The  requirements 
considered to be very important were: Evidence from 

Reason for 
Heredity

UG Campus (%) Outside 
Community (%)

Blood 3 (3.0) 35 (33.3)
Genes 95 (97.0) 82 (78.1)
God 10 (10.2) 8 (7.6)

Table 1 Reasons given by study participants, in University 
of Ghana (UG) campus and surrounding communities, 
for heredity and similarities between parents and offspring.
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laboratory experiments and successful trials (116/198), 
provision of safeguarding measures against adverse 
effects (112/198), extensive public awareness and 
education on how GMMs reduce malaria (106/198), 
dialogue and approval by the majority of the community 
(96/198), and ability to abort the project (68/198). 

Figure 2. Concerns of study participants, about the use of Genetically Modified Mosquitoes for malaria control 
in Ghana. Each concern is represented by a graph, shows the percentage of respondents who are either “not worried’, 
“a little worried” or “very worried”.

 Source of 
Information

UG 
Campus 

(%)

Outside 
Community 

(%)

Total (%)

Ghana 
Government

18 (18.4) 54 (51.4) 72 (35.5)

Foreign 
Exporter

2 (2.0) 2 (1.9) 4 (2.0)

Religious 
Bodies

6 (6.1) 11 (10.5) 17 (8.4)

Scientific 
Organization

80 (81.6) 62 (59.1) 142 (70.0)

United 
Nations

49 (50) 41 (39.1) 90 (44.3)

Local Media 10 (10.2) 22 (21.0) 32 (15.8)

Table 3 Sources that study participants, from the University 
of Ghana (UG) Campus and surrounding communities, will 
trust for information on Genetically Modified Mosquitoes.

In general, manyrespondents were ‘very worried’ (45.1%) 
or a little worried’ (21.3%) about the possible 
consequences of GMMs such as GMMs continuing to transmit 
malaria, transmitting other diseases, becoming resistant to 
insecticides, or causing harm to the environment. This 
position was is illustrated by the narrative below:

-If it is acceptable, ethical issues resolved, well equip 
lab for GM mosquito, safe testing of GM mosquito, 
approved by testing using biosafety guidelines in 
Ghana. (30 years old, male postgraduate student).

     The three main sources that respondents would trust 
for information regarding GMMs were local scientific 
organizations (70%), the United Nations (44.3%) and the 
Ghanaian government (35.5%) (Table 3). However, only 
15.8% and 8.4% of people surveyed said they would trust the 
local media and religious groups, respectively, for information.

There were mixed reactions to the use of GMMs for malaria 
control.  Whiles 56/102 community respondents believed 
that GMMs would continue to transmit malaria, 76/89 
UG campus respondents disagreed with that view. 65/101 
community respondents agreed that bednets and 
insecticides have not been effective against malaria control, 
and so GMMs will be no different, while 52/88 UG campus 
respondents disagreed. The majority of people in both groups 
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Statement UG  Campus Outside Communities

Agree Disagree don’t 
know

Agree Disagree don’t 
know

A mosquito is a mosquito - modified or 
unmodified it will always transmit malaria

11 67 11 56 20 26

If the United Nations tells me that 
GM mosquitoes will be good for my 
country, I will believe them

52 25 10 52 27 23

Malaria is worse than any 
negative consequences that the GM 
mosquitoes could have

19 36 31 52 17 33

If GM mosquitoes could have unknown 
risks, then they shouldn't be released.

69 16 1 77 14 12

Bednets and insecticides have barely 
reduced the number of malaria cases in 
Africa. GM mosquitoes will not be any 
different.

18 52 18 65 23 13

We have tried to kill mosquitoes and it 
has not worked. It is better to modify 
them so they can't transmit disease.

61 12 16 66 20 15

Table 4 Responses of study participants, from the University of Ghana (UG) campus and 
surrounding communities,  to some statements about Genetically Modified Mosquitoes. The values 
presented are the number of people who “agree” or “disagree” with each statement.

however agreed that “if there are unknown risks to GMMs, 
then they should not be used” and they also agreed that 
“it is better to modify mosquitoes so they do not transmit 
malaria” (Table 4). When asked whether they would 
approve the release of GMMs, 27/145 (18.6%) of 
participants said they would ‘never’ agree to a release 
under any circumstance, 82/145 (56.6%) said ‘no’ to a 
release, and 36/145 (24.8%) said ‘yes’ to a release (Table 5). 
The differences were not significant (c2  = 0.15, P value = 
0.70) between those who agreed and those who disagreed, 
and the odds of education influencing the decision was 
around 1 (range 0.98-1.28) in all categories. Similarly, there 
was no significant difference between those who agreed or 
disagreed with trying GMMs based on their age, sex or 
religion. The results were also not statistically significant 
when the results of the two populations were compared.

DISCUSSION

The findings presented in this study represent those of 
a subset of the Ghanaian population. However, they 
do provide us with an idea of what to expect in the 
decision to employ the use of GMMs for malaria control in 
Ghana. The study participants responded to the questionnaire 
with enthusiasm, and appreciated the purpose of the study.
     This study set out to identify and understand the needs 
and required factors for the acceptance of GMMs as a 

potential malaria control tool in Ghana. This is the first 
time that the questionnaire developed by Marshall and 
colleagues (2010) has been adapted to study respondents’ 
views on GMMs for malaria control in Ghana. Whereas 
participants in the (Marshall et al., 2010a) Malian study were 
interviewed using the questionnaire, our study adopted a 
self-administering technique, where respondents filled 
the questions at their own pace and convenience to 
reduce the influence of the interviewer on the responses. For 
example Marshall and colleagues (Marshall et al., 2010a) 
reported biases towards council members, decision-makers 
and men, who were selected by recommendation, and these 
biases were significantly reduced in the present study using a 
random sampling technique to select our respondents. 
We did, however, face the challenge of people not 
answering all questions. Findings reported here cannot be 
generalized as they represent the views of mostly 
educated urban dwellers. Further, we did not 
determine the nature of the educational background 
(science or non-science) of the people surveyed, nor the 
impact this could have on perception and acceptance
 of GMMs.
     This pilot survey targeted an educated community, 
and the influence of this subset of the population may be 
substantial in sensitive cases such as the use of genetic 
engineering in the development of Ghana. Thus, their view 
towards the use of GMMs was paramount. The results 
revealed some differences between the responses from 
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Response UG 
Campus 

(%)

Outside 
communities 

(%)

Total 
(%)

Never 14 (25.5) 13 (14.4) 27 (18.6)
No 34 (61.8) 48 (67.8) 82 (56.6)
Yes 7 (12.7) 29 (32.2) 36 (24.8)

Table 5 Responses of study participants, from 
the University of Ghana (UG) Campus and 
surrounding communities, to releasing Genetically 
Modified Mosquitoes for malaria control in Ghana

the UG campus population and the outside community, 
however the general response to approving a release of GMMs 
was not significantly different between these two groups. 
Thus, education informed the level of understanding, but 
did not influence the likelihood of a respondent making the 
decision to accept GMMs. Likewise, age, sex and religion 
had no influence on the decision to accept GMMs. Macer 
and colleagues (1997) reported similar observations in Japan 
and New Zealand, and found that level of education does 
not correlate with the acceptance of genetic engineering. 
This goes to show the complexity of the issues, and the 
individual’s reliance on intuitive risk judgments or
‘risk perceptions’ (Slovic, 1987) when making decisions 
regarding GMOs.
     The introduction of a new technology must face the 
public’s perceptions about the risks and benefits associated 
with its use (Goyal and Gurtoo, 2011). The conflicting 
results observed in this study may point to a lack of 
understanding of the concepts of genetic modification. 
Whilst 56.6% of respondents said ‘no’ to a GMM release 
for malaria control, 66.8% agreed that it is better to modify 
mosquitoes so that they cannot transmit malaria. Of course 
there were also individuals who were totally opposed to the 
idea of GMMs. A populations’ risk benefit analysis of a 
technology should inform its use and application. It has 
been suggested that the consequences of applying a new 
technology is related to the perceived risks or 
benefits of applications (Frewer and Shepherd, 1995). 
Also, some of the concerns identified point to a lack 
of understanding of the concept behind the use of 
GMMs for malaria control. Thus, for GMMs to be 
accepted, education about the risks and benefits will be very 
important, to enable people to make informed decisions.
     The majority of the people surveyed got their 
information about GMOs from the internet, television 
or the radio. While the media has a significant impact on 
public opinion formation in cases where public knowledge 
is low (Ten, 2005), this survey showed that the media is not 
a very trusted source of information for most respondents 

when it comes to GMMs. While the reasons for this were 
not determined by the study, it has been proposed that 
scientists tend to present issues objectively, albeit in more 
technical terms, than the media which is usually attracted to 
shocking and scandalous headlines (Goyal and Gurtoo, 
2011). In their recent paper, Goyal and Gurtoo (2011) 
suggested that the media reportage on GMOs must be 
calm and objective, and not stoke public sentiment and 
make people emotionally charged. Nonetheless, the 
responsibility for the trust of GMMs among 
respondents rests with scientists and the government. Volti 
(2010) suggested that the credibility of the risk regulators is 
likely to be an important factor in public risk acceptance. 
It has been argued that the failure of scientists and 
administrators to regulate the technology adequately will lead 
to a rapid loss of public trust (Marris, 2001). In the light of 
the responses presented in this study, further studies must 
look at the roles of various stakeholders in accepting GMOs 
in Ghana. These future studies should encompass analysis 
and comparison of data from urban and rural areas, look 
at the acceptability of GMMs among decision makers, and 
the influence of educational background (science versus 
non-science) on perceived acceptability. The questionnaire 
will have to be redesigned to better estimate the important 
factors identified in this present study, while taking into 
consideration the social, ethical, language and cultural 
barriers. 

CONCLUSION

In summary, we have explored some factors that may 
contribute to the acceptance of GMMs as a 
potential malaria control tool in Ghana. While some 
individuals questioned were open to accepting GMMs 
despite the perceived risks, the decision to accept them 
was not influenced by education, age, sex or religion. 
Public education and stakeholder consultations will be 
essential in obtaining public consent before embarking on any 
malaria control attempts using GMMs. This study was a pilot 
survey targeting a literate community, and further 
studies are required, especially those targeting 
individuals with more limited educational backgrounds 
and less information on GMOs. For these individuals, the 
questionnaire and concepts of genetic modification must 
be interpreted into local languages, and appropriate terms 
coined for technical words such as genes and genetically 
modified mosquitoes. This will enable people to better 
understand the concepts and notions of genetic 
modification. Until the social and ethical issues 
concerning the use and release of GMMs for malaria control 
have been fully addressed, the application of accepted classical 
methods of vector control and malaria chemotherapy should 
be intensified to reduce the present malaria burden.
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Appendix 1. Understanding the Public Views to the Potential Use of Genetically Modified Mosquitoes as a Malaria Control 
Tool in Ghana. example of the questionnaire used for the reported study.

No. Question Response Code

1 Age .......

2 Gender Male
Female

1
2

3 Education No education
Primary
JHS
SHS
Post secondary

Other, specify_______________

1
2
3
4
5

99
4 Religion Muslim 

Christian
Traditional 
No religion 

Other, specify________________

1
2
3
4

99
MALARIA

5 Malaria is a common disease in Africa. 
Which of the following do you think 
can cause malaria? 

(You may choose more than 1 option)

Mosquitoes                     
Pollution             
Cold Weather              
Wind
Poor hygiene
Sweet foods / Sugar            
Oily foods / peanuts                   
Rain/ Standing water 
Eggs                                
Don’t know    
                    
Other, specify________________

1
2
3
4
5
6
7
8
9
10

99
6 Which of the following symptoms 

would you associate with malaria? 

(You may choose more than 1 option)

Fever/hot body                              
Body-ache                       
Headache                          
Vomiting
Cold/shivering                 
Loss of appetite

Other, specify________________

1
2
3
4
5
6

99
7 Do you know of any malaria control 

measures? 

Please list them

DEMOGRAPHIC INFORMATION
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HEREDITY AND GENETICALLY MODIFIED ORGANISMS
8 In nature it is common for offspring to 

resemble their parents – for example, 
a daughter may resemble her mother 
in some ways and her father in some 
other ways. What do you consider 
to be the reason for this/these traits? 
(You may choose more than 1 option)

Blood                              
Affection                           
God                        
Genes/DNA                               
Don’t know

Other, specify________________

1
2
3
4
5

99

9 Which animals / vegetables or fruits 
are selectively bred/grown in your 
community? 

(You may choose more than 1 option)

Goats                               
Cereal crops                     
Chicken                   
Cow                  
Mangoes                          
Sheep                               
Oranges                   
Don’t know

Other, specify________________

1
2
3
4
5
6
7
8

99
10 Which genetically modified (GM) 

organisms do you know of? 

Please List them.

1.
2.
3.
4.
5.

11 Where did you hear/read of this/these 
GM organisms? 

(You may choose more than 1 option)

Radio                                
Television                      
Journal/Newspaper                 
Internet     
Conversation with a friend
Other, specify________________

1
2
3
4
5
99

12 Would you accept GM foods? 

Why?
13 Have you ever heard of GM 

mosquitoes?
Yes
No

1
2

GENETICALLY MODIFIED MOSQUITOES
14 Do you have any concerns regard-

ing the use of GM mosquitoes? 

Please list them.

1.
2.
3.
4.
5.

15 Which requirements would you like 
to see in place before accepting GM 
mosquitoes in Ghana?

1.
2.
3.
4.
5.
6
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16 Which organization would you trust 
for information about GM mosqui-
toes?

Ghanaian Government                 
Foreign Exporter                   
Scientific Organization                   
Religious bodies                           
Local medical specialists                   
United Nations Organization
Other, specify________________

1
2
3
4
5
6
99

17 Under what circumstances would you 
consider it acceptable to release GM 
mosquitoes in Ghana? 1= Yes; 2= No; 
3= Never

-If the United Nations said they were safe 
and help reduce the number of malaria cases 

-If the Ghanaian government said they were 
safe and help reduce the number of cases	
 
-If they were approved by a majority in my 
community
	  
-If I saw the results of a successful trial in a 
nearby community
	  
-If I saw the results of a successful laboratory 
experience	  

-If it was possible to stop the project

-Always. I approve of the release of GM 
mosquitoes unconditionally
	
-Never. I don’t approve releasing GM 
mosquitoes under any circumstances

......

......

......

......

......

......

......

......

18 For each of the following statements 
regarding GM mosquitoes, please 
indicate, to what extent you agree/ 
disagree.

1= strongly agree 
2= agree 
3=don’t know 
4=disagree
5=strongly disagree

-A mosquito is a mosquito – modified or 
unmodified it will always transmit malaria.

-If the United Nations tells me that GM 
mosquitoes will be good for my country, I will 
believe them.
	
-Malaria is far worse than any negative 
consequences that the GM mosquitoes could 
have.
	
-If GM mosquitoes could have unknown risks, 
then they shouldn’t be released.

-Bed nets and Insecticides have barely 
reduced the number of malaria cases in 
Africa. GM mosquitoes will not be any different.

-We have tried to kill mosquitoes and it has 
not worked. It is better to modify them so 
they can’t transmit disease.

......

......

......

......

......

......
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What are your personal views/comments regarding GM mosquitoes?
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