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A R T I C L E  I N F O   

Keywords: 
Burkina Faso 
Zoonosis 
Rabies control 
Dog vaccination 
Facilitators 
Barriers 
System dynamics 
Causal loop diagraming 

A B S T R A C T   

Dog vaccination is an effective pathway to control rabies if a minimum of 70% dog vaccination coverage is 
achieved. For more than six decades, dog vaccination has been adopted as part of the rabies control measures in 
Burkina Faso. However, the required vaccination coverage in canine population remains challenging and rabies 
endemic. This study describes the use of systems thinking to explore the dynamics arising from dog vaccination 
complexity and explain the possibles causes of low vaccination coverage in the dog population. In-depth in-
terviews were conducted in three administrative regions and included various stakeholders. A thematic analysis 
was performed to analyze the obtained narratives. Subsequently, causal loop diagrams (CLDs) were developed, 
depicting the causes of low dog vaccination coverage. The CLDs were composed of reinforcing loops and 
balancing loops, visualizing how different variables including social, economic, technical, political and organi-
zational factors that affect the implementation of rabies vaccination in the country are causally interrelated. 
Overall, the results revealed the importance of community awareness raising, strengthening the vaccination 
workforce, enhanced governance and leadership in the dynamics of dog vaccination. The study calls for wide 
consideration of all drivers and factors that may affect dog vaccination coverage, for the development of any 
rabies control strategy or vaccination program. Beyond the dog vaccination problem, the methods and findings 
from this study could be applied to other critical rabies-related questions such as postexposure prophylaxis, 
epidemiological surveillance, dog population management, laboratory diagnosis, and the One Health collabo-
ration issues, to understand and improve rabies control.   

1. Introduction 

Rabies is a serious global public health threat, with higher impact in 
low- and middle-income countries in Africa, Asia and Latin America. 
This preventable but always fatal disease mostly affects poor and rural 
communities. It is a zoonosis that affects wildlife and domestic animals, 
and is transmissible to humans, through bite, scratch or licking by a 
rabid animal. Dogs were reported to be the main cause of human cases in 
Africa (99%) (Sondo et al., 2015; Minghui et al., 2018). Although rabies 
remains under-reported, more than 59,000 human cases are estimated 
to occur in African and Asian countries annually, representing 

approximatively one human death every nine minutes (Hampson et al., 
2015). Every year rabies causes almost 2000 deaths in North Africa, 
6000 in Southern Africa, 6000 in West Africa and 7000 in Central Africa 
(Hampson et al., 2015). 

Located in West Africa, Burkina Faso has been endemic to rabies for 
decades (Dodet and Africa Rabies Bureau (AfroREB), 2008; Savadogo 
et al., 2020; Minoungou et al., 2021). Indeed, on average 19 human 
cases and more than 4000 exposures to suspected rabid animals are 
regularly recorded across the country (Burkina Faso, Ministère de la 
Santé, 2016; Sondo et al., 2015; Ouermi et al., 2018). Routine laboratory 
surveillance detected many positive cases in pets, including cats and 
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dogs, but also in wildlife, cattle, and equids (Nitcheman, 1983; Sava-
dogo et al., 2020; Minoungou et al., 2021). From 2001–2013, approx-
imatively 90% of rabies positive samples were from canine species and 
at least 70% of suspected rabid dog samples were rabies positive 
(Savadogo et al., 2020; Minoungou et al., 2021). However, rabies is 
known to be 100% preventable if dogs are appropriately vaccinated and 
post-exposure prophylaxis is adequately provided to exposed persons 
(World Health Organization, Food and Agriculture Organization of the 
United Nations and World Organisation for Animal Health, 2016). It is 
estimated that rabies can be eliminated if almost 70% of canine popu-
lation is regularly vaccinated (Cleaveland et al., 2006; Coleman and 
Dye, 1996; Zinsstag et al., 2017). 

Several measures have been initiated in the country to mitigate 
rabies risk: veterinary public health policies have made rabies a notifi-
able zoonosis, dog free roaming is prohibited, and rabies vaccination is 
compulsory for all pets above 3 months of age (Kouldiati, 1989; Burkina 
Faso, 1989; Burkina Faso, Ministère de la Santé, 2016). Current rabies 
control actions include awareness campaigns, surveillance, pre- and 
post-exposure prophylaxis, dog population management, and dog 
vaccination. The latter has been adopted as a method for rabies control 
since the 1960s (Nitcheman, 1983). It is provided by private and public 
veterinary services, the latter being often the sole available in rural 
areas. In addition, on the yearly World Rabies Day, short vaccination 
campaigns are often organized, particularly in the main cities, i.e. 
Ouagadougou, Bobo Dioulasso and Koudougou. Dog vaccination cost 
ranges between 1.5 euros (during campaings) and 3.8 euros (in veteri-
nary clinics) and is charged to owners (Savadogo et al., 2020, 2021a, 
2021b). Despite these measures, owned-dog vaccination coverages in 
the country remain low: 8.2% in Dédougou (Dahourou et al., 2021), 
25.9% in Bobo Dioulasso (Savadogo et al., 2021a, 2021b) and 36.5% in 
Ouagadougou (Sondo et al., 2015; Savadogo et al., 2020, 2021a, 2021b). 
Studies investigated the reasons for this poor vaccination coverage using 
quantitative methods, such as cross tabulation, logistic regression 
models and principal component analysis (Savadogo et al., 2021a, 
2021b). Such methods focus on the main expected drivers through 
structured questionnaires, leaving aside the in-depth complex dynamics 
of the issue. However, like any public health intervention, dog 

vaccination entails a complex setting, the understanding of which re-
quires systemic approaches (Narrod et al., 2012; Peters, 2014; 
Castillo-Neyra et al., 2017). This study uses causal loop diagraming to 
analyze the system underlying dog vaccination in Burkina Faso. It aimed 
to (1) identify barriers and facilitators to dog rabies vaccination as well 
as the interplay between different stakeholder levels in Burkina Faso, 
and (2) understand how they causally interact affecting the dog vacci-
nation coverage. 

2. Material and methods 

2.1. Description of study areas 

The study was conducted from February 2019 to February 2021 in 
three administrative regions of Burkina Faso (Fig. 1): Center (Ouaga-
dougou, the administrative capital), Hauts Bassins (Bobo Dioulasso, the 
second biggest city) and Center-Ouest (Koudougou). These three areas 
are the most important urban agglomerations of the country. The local 
population owns dogs for various purposes, including house or herd 
guarding, hunting, for sacrifices during traditional meetings, compan-
ionship especially for children and for consumption as source of protein 
(Kouldiati, 1989; Jibat et al., 2015; Savadogo et al., 2020). Ministries, 
central veterinary and medical offices are located in Ouagadougou. 
Nevertheless, in each of surveyed locations there are public and private 
technical services that provide veterinary care and animal rabies 
vaccination (veterinary clinics, short vaccination campaigns). However, 
as the interviews were conducted in only three administrative regions, 
the study did not include rural area. Therefore, factors associated with 
the vaccination coverage described in this study may not be fully 
representative for the situation across the whole country. 

2.2. Stakeholders identification 

The participants were recruited following the process described by  
Fig. 2. The study started with reviewing existing information (grey 
literature, theses, publications) to capture the organization of the rabies 
control system in Burkina Faso (Nana, 2019). In February 2019, 

Fig. 1. Geographical location of the three administrative regions where interviews were conducted, Burkina Faso (Blue: Center region; Green: Hauts Bassins region; and 
Orange: Center-Ouest region). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.). 
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interviews with key informants from public and private animal health 
entities were held during a first field visit in Ouagadougou. These in-
terviews informed a first list of rabies control stakeholders, including 
entities and actors intervening or affected by the rabies control activ-
ities. From this first list, a second list was established including entities 
and actors playing a direct or indirect role in dog rabies vaccination. 
Subsequently, a local expert with good knowledge of the issue of dog 
vaccination helped refine and prioritize a short list of relevant stake-
holders to be interviewed. In addition, during the field investigations, 
interviews also allowed completing the stakeholder short list. 

2.3. Sampling methods 

Study participants were recruited using a dual sampling approach 
including purposive and respondent-driven sampling. First, all short- 
listed stakeholders were invited to participate in interviews (purposive 
sampling). Then, these first respondents introduced the researchers to 
other stakeholders involved in dog rabies vaccination in the study area 
(respondent-driven sampling). Dog owners were selected from a list of 
participants established during a short vaccination campaign organized 
in 2019 by the veterinary services. Victims of dog bite were recruited 
during field sensitization in the community. Therefore, all included 
stakeholders were selected on the basis of their involvement or interest 
in rabies control and, in particular, the dog vaccination issue. The 
employed sampling method was effective and appropriate for the data 
collection due to logistic and resource convenience (Taha, 2020). In-
terviews were conducted until the point of data saturation was reached 
(Glaser and Strauss, 1967). Thus, inclusion of participants was stopped 
when, despite the search for various situations, data collected provided 
enough information, and the capacity to obtain new additional infor-
mation was reached (Guest et al., 2006; Fusch and Ness, 2015). In total, 
62 in-depth interviews were conducted including animal health workers 
(n = 28), human health workers (n = 16), wildlife workers (n = 4), 
municipality officers (n = 4), dog owners (n = 8), and victims of dog 

bite (n = 2) (Table 1). Interview guides were tailored to each category of 
participants to cover the relevant range of aspects to be discussed. 

2.4. Data collection 

Data collection included individual and focus group in-depth in-
terviews, conducted both in local language and French by the principal 
researcher. Participants were invited by email or phone providing them 
the study background and objectives. Each participant was reminded 
once every month. In case a participant did not respond or declined the 
invitation to participate, a replacement was operated from the stake-
holder list. An interview guide was used to collect narratives on rabies 
control, with a focus on the issue of dog vaccination against rabies: 
known involved stakeholders, roles of each category of stakeholders, 
challenges, enabling factors, strategies and leverages that may be suc-
cessful for improving dog rabies vaccination compliance. For each dis-
cussion, participants were met in a location convenient to them that 
ensured confidentiality (e.g. participant office, place of residence). All 
interviews were conducted by the researcher, audio-recorded and 
transcribed in a Microsoft Word document. Throughout the data 
collection process, validity of data was ensured. This started with the 
used respondent-driven sampling which helped avoiding major biases in 
participant recruitment. In interviews, participant’s own information 
was crosschecked with opinions of local experts, direct observations of 
the researcher and with documented information when available. Stated 
information about context of dog rabies vaccination was crosschecked 
using independent interviews. 

2.5. Qualitative data analysis 

Before analysis, transcripts were reviewed and cross-checked with 
audio-recordings to ensure their quality and completeness. Thematic 
analysis is a widely used method in qualitative studies to identify pat-
terns of meanings across various interviewees narratives (Olivier de 

Fig. 2. Mixed methods used for stakeholder recruitment (Literature review, Key informant interviews, inputs from field animal health experts).  

Table 1 
Categories of stakeholders interviewed in the three study locations, Burkina Faso.  

Sector Category Number of participants 

Bobo Dioulasso Koudougou Ouagadougou 

Animal health Public veterinarians – – 6 
Public paraveterinarians 6 5 4 
Private veterinarians – – 3 
Private paraveterinarians 2 – 3 

Human health Physicians 1 – 4 
Nurses 2 – 9 

Wildlife and environment Wildlife and environment technicians – – 4 
Municipality Hygiene Officers 1 – 3 
Community Dog owners 3  4 

Victims of dog bite – – 2 
Total 15 5 42  
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Sardan, 2004; Guest et al., 2006; Xie et al., 2017). Data were obtained 
using the qualitative reflexive and iterative process developed by Hal-
comb and Davidson (2006). For the qualitative analysis purposes, 
themes and sub-themes were defined on the basis of the themes struc-
turing the Stepwise Approach towards Rabies Elimination (SARE) and 
the Global Framework to eliminate rabies deaths by 2030 (STOP-R 
framework) (GARC, 2016; Chen et al., 2021). All transcripts were pro-
gressively read to explore available data, identify excerpts relevant to 
the pre-established (sub-)themes and define additionnal sub-themes 
emerging from the text. 

Finally, five themes and nineteen sub-themes were defined as follow: 
i) socio-economic and cultural context (awareness, dog ownership, 
accessibility to vaccine and vaccination services, and community 
engagement), ii) technical factors (logistics, vaccine availability, vac-
cine effectiveness, training and technical support), iii) organizational 
factors (governance, synergy, monitoring and evaluation, performance 
measurement, communication), iv) political factors (political will, pol-
icy and framework, partnerships, impact of rabies and vaccination), and 
v) resources (workforce, budget). Within each sub-theme, the described 
barriers or facilitators were translated in the form of variables, termed in 
a concise manner. The stakeholders and their roles, the potential vari-
ables that were associated with dog rabies vaccination were then listed 
using a Microsoft Excel spreadsheet. 

2.6. Causal loop diagraming 

Causal loop diagraming (CLD) is one of the tools from qualitative 
system dynamics, used to explore interactions and feedback loops un-
derlying the dynamics at play and specific outputs of a system. As pre-
sented in Fig. 3, a CLD is composed of variables (factors) and 
relationships (influences) (Bowen, 1992). An influence is characterized 
by an arrow and a polarity: "+" indicates that the two variables change in 
the same direction and "− " indicates that the two variables change in the 
opposite direction. According to polarities of arrows that compose a 
feedback loop, the loop is named reinforcing or balancing loop. A null or 
even number of negative relationships along the loop indicates a rein-
forcing dynamic, noted with the letter "R". An uneven number of nega-
tive relationships indicates a balancing loop, noted with the letter "B". 
The direction of a feedback loop is shown by a clockwise or 
counter-clockwise arrow around the loop-polarity-letters (R or B) 
(Sterman, 2002). 

The Vensim software (Vensim® PLE for Windows Version 8.2.1 Double 
Precision x64, 2019 Ventana Systems, Inc, see https://vensim.com/free- 
download/) was used to build and generate the CLDs. For each 
defined sub-theme, all listed variables were displayed in Vensim and 
linked to each other using arrows. This stage allowed the creation of the 
first draft of a general CLD. Subsequently, transcripts were read again to 
ensure that this CLD took into account all topics and ideas collected from 

participants. The purpose of this process was also to have a revised and 
better representation of the relationships in the CLD. From the revised 
general CLD, the most relevant feedback loops were selected according 
to the following criteria: a selected causal loop should i) best reflect the 
ideas captured from the participants’ narratives, ii) involve as few var-
iables as possible to facilitate interpretation and understanding, and iii) 
describe a specific dynamic of the dog vaccination. This resulted in 17 
feedback loops which were grouped into three distinct diagrams ac-
cording to the SARE-derived themes. 

3. Results 

3.1. Stakeholders involved in dog rabies vaccination 

Stakeholders were categorized in direct and indirect stakeholders 
according to their roles in dog vaccination (Table 2). Stakeholders who 
were directly involved included dog owners, community animal health 
workers, private veterinarians, public animal health officers, vaccine 
suppliers, animal health authorities, and illegal field vaccinators. Indi-
rect stakeholders included local authorities, hygiene officers, human 
health workers, educational actors, media, civil society organizations, 
NGOs, and international health institutions (FAO, Food and Agriculture 
Organization; WHO, World Health Organization; OIE, World Animal 
Health Organization; WAHO, West African Health Organization; and 
RAHC, Regional Animal Health Center). 

3.2. Dynamics involved in dog rabies vaccination: causal loop description 

The refined list of 17 causal loops was structured into three cate-
gories of dynamics. The socio-economic and cultural dynamics 
(composed of four reinforcing loops and two balancing loops) describe 
the factors associated with the community’s perceptions of rabies and 
dog vaccination, the dog husbandry practices, and the social networking 
in the general public (Fig. 4). The technical and resources dynamics 
(composed of five reinforcing loops and two balancing loops) capture 
factors associated with the funding and the effectiveness of the involved 
animal and public health systems (Fig. 5). The political and organiza-
tional dynamics (composed of four reinforcing loops) capture factors 
associated with the political context of rabies control and the in-
teractions between key stakeholders (Fig. 6). In the description here 
below, each loop is named by an interpretative term between quotation 
marks and all variables are highlighted with italic font. 

3.2.1. Socio-economic and cultural dynamics for dog vaccination 
The "community engagement" reinforcing loop (Fig. 4, R1) is ex-

pected to produce a virtuous cycle by which the accessibility to useful 
vaccination-related information by dog owners, their participation in dog 
vaccination, and the sensitization of these owners by animal health 

Fig. 3. Example of a causal loop diagram with a balancing loop and a reinforcing loop (Renmans, 2018).  
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workers during vaccination, increase the level of the awareness of rabies 
and dog rabies vaccination. An improved level of awareness combined 
with policy popularization (regarding dog ownership and vaccination) 
leads to a higher engagement of community members for dog vaccination. 
However, the virtuous cycle is presently impaired and the level of 
awareness about rabies and dog vaccination was reportedly unsatisfac-
tory. The field investigations revealed that the community’s knowledge 
is improved by useful messages provided by animal health workers or 
shared from a diversity of sources (radio, TV, booklets, banners, flyers, 
social media, town criers, breeders’ networks). 

The "vaccination distrust" reinforcing loop (Fig. 4, R2) acts as a vi-
cious cycle mediated by misconceptions and the communities’ habits of 
killing biting dogs regardless of their vaccination status. Indeed, in the 

local practices, in case of bite, the hair of the biting dog should be 
collected and applied on the wound of the biten victim. Yet, owners 
make a confusion, thinking that the vaccine should protect their dogs 
from biting people. Hence, they ascribe the fact that their dog has bitten 
and was killed to an inefficacy of the vaccine. This loop lowers the trust 
of dog owners in the vaccination services. As participation in dog vaccina-
tion decreases, level of awareness decreases, increasing misconceptions 
and habits of killing biting dogs. In addition, trust in dog vaccination is 
negatively influenced by the occurrence of laboratory results that may 
declare positive for rabies a dog that has been vaccinated. Owners then 
preferentially ascribe the discrepancy to a default of the vaccine. 

The "health belief" reinforcing loop (Fig. 4, R3) is a vicious cycle 
whereby the increasing circulation of misconceptions is directly defeating 
the awareness-raising actions, which leads to a further increase of 
popularity of misconceptions in the community. Participants reported the 
low health literacy in the community as a cause of misconceptions (fear 
of dog vaccination, seeking of traditional treatment such as applying the 
biting dog hair on the wound). For example, there were socio-cultural 
barriers to transporting dogs, some owners not wishing to publicly 
show their affection to a dog. Misconceptions also increase the habits of 
killing biting dogs and the attitude of indifference towards rabies in local 
communities, diminishing dog vaccination. 

The "social pressure" reinforcing loop (Fig. 4, R4) actually produces a 
virtuous cycle that improves dog vaccination. Indeed, with the rise of 
awareness about rabies, a social pressure appears within the community. 
Dog owners fear being discredited and charged for post-exposure and 
veterinary observation in case their dog bites a person. Therefore, those 
owners keep their dog at home, diminishing dog roaming in the com-
munity. As a result, dog handling ease increases, facilitating the owners’ 
participation in dog vaccination. Through the sensitization by animal 
health workers, this will further contribute to raising the level of aware-
ness and generating higher social pressure in the community. Indeed, 
having vaccinated their dogs (checkable through a vaccination certifi-
cate or collar) helps owners reassure neighbors that they care about 
community health, raising the role of social network in the dynamics. 

The "dog roaming" balancing loop (Fig. 4, B1) describes a distinct 
owner logic that counters the previous loop by reintroducing dog 
roaming in the dynamics. Indeed, with a generally low awareness and 
enforcement of dog management policies, some owners tend to release 
their vaccinated dogs for free-roaming, believing that the rabies vacci-
nation exempts them from keeping dogs confined. Dog vaccination then 
increases the dog roaming, which decreases dog handling ease (by owners 
or vaccinators), then lowering dog vaccination. 

The "dog killing" balancing loop (Fig. 4, B2) puts a strain on vacci-
nation, being related to the "vaccination distrust" and "dog roaming" 
loops. This loop points to the increase of dog roaming as a result of dog 
vaccination, as described here above (see B1). As the free-roaming dogs 
increase dog bites and the killing of biting dogs by the community mem-
bers, this decreases the trust in the vaccination services, thus dog 
vaccination. 

3.2.2. Technical and resources dynamics for dog vaccination 
The " workforce allocation " reinforcing loop (Fig. 5, R5) actually 

produces a vicious cycle whereby the poor data collection and reporting 
about rabies situation (including the incidence and the socio-economic 
impact) in Burkina Faso weakens the potential for advocacy, causing a 
lack of budget allocation and a lack of staff and of staff motivation that 
would be needed to produce that knowledge. Indeed, the interviews 
revealed insufficient staffing, mostly in peri-urban and rural locations, 
and veterinary officers reported a lack of competencies in frontline an-
imal health officers. As pointed out by interviewees, staff motivation 
may be raised through continued trainings, incentives and regular free 
rabies vaccination for the personnel. 

The latter dynamic is stressed in a distinct loop, called "staff moti-
vation" reinforcing loop (Fig. 5, R6), which nevertheless acts as a vicious 
cycle in the present conditions. Indeed, as the staff motivation decreases, 

Table 2 
Cited stakeholders and their roles associated with dog rabies vaccination.  

Category Stakeholder Entity Category of roles 

Direct Dog owners Local community Seeking of vaccination, 
transportation of dogs to 
vaccination sites, 
payment for vaccination 

Community 
Animal Health 
Workers 

Local community Dog vaccination, 
community sensitization 

Vaccine suppliers Veterinary drugs 
import company 

Vaccine supply 

Private 
technicians and 
veterinarians 

Veterinary clinics Dog vaccination, data 
collection and reporting 

Animal health 
officers 

Local and regional 
animal health 
offices 

Supervising, dog 
vaccination, data 
collection and reporting 

Animal health 
authorities 

Ministry of 
Livestock, National 
Veterinary Office, 

Subsidized vaccine, 
vaccination planning 
(resources, logistics), 
supervising of 
interventions 

Illegal vaccinators Local community Dog vaccination 
Indirect Town criers Local community House-to-house 

information spreading 
Opinion leaders 
(Traditional 
chiefs) 

Local community Supporting officers for 
awareness raising and 
building of trust 

One Health and 
rabies associations 

Civil society 
organizations 

Education and public 
awareness raising 

Livestock 
development 
projects actors 

Ministry of 
Livestock 

Financial and logistic 
support (cooling 
equipments) 

Local authorities, 
Local 
representatives, 
Municipal hygiene 
officers, 
Public security 
officers 

Ministry of 
Administration 

Awareness raising, 
control of dog population 
(roaming), policy 
popularization, 
repression against law- 
breakers, waste 
management 

Human Health 
Workers 

Ministry of Health Sensitizing of biting dog 
owners and victims of 
bite 

Teachers, 
Researchers, 
Students 

Ministry of 
Education and 
Research 

Training, awareness 
raising, research and 
evaluation: canine 
population, vaccination 
issues, knowledge- 
attitude-practice 
assessment, assessment 
of intervention 
effectiveness 

Journalists and 
media actors 

Ministry of 
Communication 

Information and 
communication, 
community awareness 

Health 
intervening NGOs 

NGOs Financial support, 
training of community 
animal health workers 

FAO, WHO, OIE, 
WAHO, RAHC 

International health 
institutions 

Knowledge and financial 
resources  
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the dog vaccination delivery decreases, and vice versa. The loop indicates 
that a satisfactory vaccination delivery requires that the motivation of 
the workforce be gained and maintained. As highlighted here above 
(Fig. 5, R5), reported causes of low motivation of the personnel included 
the insufficient staffing, the lack of continued trainings, and unsatis-
factory remuneration, for both public and private vaccinators involved 
during short vaccination campaigns. Moreover, vaccinators do not 
themselves benefit of any rabies vaccination, dropping their commit-
ment to dog vaccination. 

The "vaccination workload" balancing loop (Fig. 5, B3) limits the 
ability to benefit from a momentarily improved vaccine availability and 
staff motivation. Indeed, the increase in dog vaccination seeking from dog 
owners and subsequently in dog vaccination is reported to rapidly 
exceed the workload limits of staff, in particular during the short 
vaccination campaings. It is therefore important that technical staff be 
regularly upgraded to meet higher demand during vaccination 
campaigns. 

The two previous loops combine in a "logistic provision" reinforcing 
loop (Fig. 5, R7), that shows a vicious cycle whereby low budget allo-
cation for rabies control hinders the supply of vaccination logistics 
(cooling material, transportation facilities, infrastructures for dog 
impounding, dog handling equipments for vaccination purpose, and 
vaccination personal protective equipments decrease) both in public and 
private sectors. The lack of logistics hinders vaccination itself then 
further lowering staff motivation, data collection and reporting, knowledge 
of rabies risk, and consequently the political commitment. The lack of safe 

handling equipments is a particularly discouraging factor, many dogs 
being aggressive at vaccination points. In remote rural areas, the lack of 
transportation facilities constitutes a key barrier to the provision of 
accessible dog vaccination to communities. 

The "vaccine planning" reinforcing loop (Fig. 5, R8) also refers to a 
same lack of means and staff motivation but points to the lack of data 
collection and knowledge of dog population (size, structure and ecology). 
This gap actually results in inappropriate vaccine availability, decreasing 
the dog vaccination delivery, the staff motivation, and thus the data 
collection and reporting that would be required for adequate vaccine need 
assessment. However, inappropriate vaccine availability hinders the or-
ganization of regular free vaccination campaigns. Besides, the vaccination 
cost was unanimously reported by participants as a significant bottle-
neck to dog vaccination accessibility. The reported vaccination cost 
(ranging from 1.5 euros to 11.5 euros) was found to be very expensive by 
interviewed dog owners. Therefore, vaccination cost and recurrent vac-
cine stock-outs impede the accessibility to vaccine and the appropriate 
vaccination of dogs. 

The "fraudulent vaccine" reinforcing loop (Fig. 5, R9) represents a 
vicious cycle that exhibits how the gradual destruction of owners’ trust in 
the vaccination services benefits to a competition by illegal vaccinators. The 
use of fraudulent vaccines then further destroys the trust in vaccination, 
affecting indiscriminately fraudulent and official services. The fraudu-
lent practices also produce additionnal side effects resulting from the 
fact that illegal vaccinators do not issue dog vaccination proofs (vacci-
nation certificate, collar) to owners. This practice makes that more 

Fig. 4. Socio-economic and cultural causal loop diagram.  
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owners do not expect receiving a proof of vaccination, which lowers 
their motivation to vaccinate their dogs. 

The "owner frustation" balancing loop (Fig. 5, B4) emphasizes the 
importance of having timely vaccination of owners’ dogs. A decrease in 
vaccine availability increases the waiting time, sometimes running out of 
the period of dog vaccination validity. This causes frustration and de-
creases the dog vaccination seeking, and dog vaccination. 

3.2.3. Political and organizational dynamics for rabies vaccination 
The "vaccination governance" reinforcing loop (Fig. 6, R10) acts as a 

vicious cycle whereby the lack of supervision decreases the efforts of 
monitoring and evaluation, the data collection, the knowledge of both rabies 
burden and vaccination impact, and therefore the prioritization of the dis-
ease and the political commitment. A lower political commitment hinders 
the legislation and national governance efforts for rabies control (national 
rabies control program, proper governance). Reported governance 
weaknesses included a lack of transparency in the management of vac-
cines funded by the government, and a lack of regular consultation of 
stakeholders regarding the roles they could play in dog rabies 
vaccination. 

The "vaccination need assessment" reinforcing loop (Fig. 6, R11) acts 
presently as a vicious cycle starting from the same problem whereby the 
low governance efforts finally decrease data collection. In this case, the 

poor data collection impairs the need assessment practices, hence the 
governance efforts. This loop is associated with the level of collaboration 
between stakeholders and puts a strain on national governance efforts 
towards dog vaccination improvement, in particular regarding vaccine 
management. 

The "stakeholder synergy" reinforcing loop (Fig. 6 R12) actually 
produces a vicious cycle. It results in a lower interaction and collabo-
ration between actors along preparation, implementation and evalua-
tion of field interventions, especially municipality, medical and 
veterinary services. By this loop, the weakness of policy and legislation 
associated with a lack of wide media communication impede the dog 
vaccination stakeholders’ awareness of policies. The lack of awareness 
about legislation by the key stakeholders decreases the collaboration and 
coordination, the vaccination delivery, the knowledge of vaccination impact, 
thereby lowering the prioritization of rabies and the political commitment. 

The "supportive partnership" reinforcing loop (Fig. 6, R13) also acts 
as a vicious cycle whereby the weak national governance efforts 
discourage a diversity of partners from investing in rabies control in the 
country (in terms of knowledge sharing and financial support). This 
neglect from diverse partners further weakens national governance ef-
forts. Despite the actual key role of public actors (animal health, human 
health, municipalities), participants mentioned the need of developing 
stronger partnerships with various stakeholders, including communities, 

Fig. 5. Technical and resources causal loop diagram.  
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NGOs and international institutions, especially involved in community 
engagement. 

4. Discussion 

Dog rabies vaccination involves various factors, sectors and actors, 
interacting with each other and having an impact on the final vaccina-
tion coverage. According to de Savigny and Adam (2009), health sys-
tems have to be considered as complex adaptative systems, subject to 
continuous change and feedbacks. These systems are thus constantly 
adapting to internal or external actions or changes, showing a degree of 
self-organization beside or replacing its planned and expected func-
tioning. Within the approach of systems thinking, several methods have 
been developed that allow taking into account both the complexity of a 
vaccination initiative and the whole system within which it operates 
(Shiell et al., 2008; Peters, 2014; Rüegg et al., 2018). Firstly developed 
in engineering and management realms (Senge, 1990; Adam and de 
Savigny, 2012; Peters et al., 2012), systems thinking and its tools/me-
thods are increasingly employed to understand health issues and health 
systems behavior (de Savigny and Adam, 2009; Xie et al., 2017; Hitziger 
et al., 2021). From our analysis using the causal loop diagram, we were 
able to describe the stakeholders involved in rabies vaccination and how 
multiple categories of factors were interrelated. 

4.1. Stakeholders involved in dog vaccination 

Stakeholder identification revealed a complex social network in 
which community members, and several public and private sector 
stakeholders interact. The established relationships between the multi-
ple stakeholders explain the whole dynamic and the outcomes of the 
system (Crozier and Friedberg, 1977; Ridde, 2011; Saadi et al., 2021a, 
2021b, 2021c). Unfortunately, all previous reflections on the issue of 
collaboration for rabies control in Burkina Faso have focused on animal 
health and human health sectors (Coulibaly and Yameogo, 2000; Sondo 
et al., 2018; Zangré, 2018; Savadogo et al., 2020). The findings showed 
that beyond animal and human health actors, a successful dog rabies 
vaccination strategy requires the involvement of multiple direct and 
indirect stakeholders. By highlighting the diversity of stakeholders 
involved in dog vaccination, the study exhibited its complexity and the 
need to consider stakeholders from other involved sectors such as poli-
tics, education, environment management and sanitation, security and 
community, as pointed out for other zoonoses (Saadi et al., 2021a, 
2021b, 2021c). 

4.2. Socio-economic and cultural dynamics 

Concerning the socio-economic and cultural dynamics, the study 
revealed the positive impact of social networks and social pressure, 
improving both dog husbandry practices and dog vaccination seeking in 

Fig. 6. Political and organizational causal loop diagram.  
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the community. As described by the theories of diffusion of innovations 
(Balas and Chapman, 2018), of social learning (Parsel and Baranowski, 
2013) and of planned behavior (Madden et al., 1992), social norms 
contribute to involve communities in issues related to their well-being. 
The use of transectorial approaches that promote community partici-
pation along the processes of preparation, implementation and evalua-
tion of interventions can enhance health education and the dog 
vaccination compliance in owners (Charron, 2012; Buregyeya et al., 
2021; Hitziger et al., 2021). However, that social pressure has to be 
guided by adequate education on rabies prevention measures (dog 
responsible ownership, vaccination, management of biting dogs and the 
roles of community members in rabies control). Indeed, if guided by 
misconceptions, the social pressure can play against vaccination pro-
grams. An example from the present case study is that owners vacci-
nating their dogs may be accused to show undue care for a dog, similarly 
to what has been reported by Saadi et al. (2021a, 2021b, 2021c) 
regarding the anthelmintic treatment of dogs against echinococcosis in 
Morocco. Therefore, in order to take advantage of community inter-
personal networks to improve dog vaccination coverage, enhanced 
communication and education should focus on changing cultural, 
traditional and social conceptions regarding dog and dog ownership 
(Akakpo, 1985; Mindekem et al., 2005). As reported in previous studies 
(Castillo-Neyra et al., 2017; Oyo-Ita et al., 2021), effective community 
participation and behavioral change requires useful messages provided 
from trusted sources, like traditional leaders, opinions and religious 
leaders, or primary school teachers. In addition, networked and influ-
ential individuals can be selected in the communities to champion and 
promote good practices for responsible dog ownership and dog rabies 
vaccination. The findings showed that local dog husbandry practices 
characterized by free-roaming were unfavorable to dog vaccination. 
This is not suprising as no action has ever been taken to educate people 
on responsible dog ownership in Burkina Faso. In some Latin American 
countries where dog vaccination coverage has been significantly 
improved during the last decade, national vaccination strategies 
included dog social and responsible ownership education programs 
(Vigilato et al., 2013; González-Roldán et al., 2021). Moreover, the 
positive feedbacks of community awareness and engagement in the 
vaccination coverage in children were reported in Burkina Faso (Kagoné 
et al., 2018), indicating that similar approaches could be employed in 
the animal health sector to leverage success for zoonosis control (Bur-
egyeya et al., 2021). 

4.3. Technical and resources dynamics 

Rabies control requires rigorous and integrated planning, with 
timelines, budgets and mostly accurate performance indicators as rec-
ommended by the SARE tool (Coetzer et al., 2016; Chen et al., 2021). 
Besides these technical requirements, the present analysis of technical 
and resources dynamics points to the central need for workforce moti-
vation and commitment. If this motivation is present, their efforts to 
sensitize, collect and report data, and to assess impacts can help to 
demonstrate the socio-economic importance of rabies, the vaccination 
impact and to increase the political commitment (Lembo et al., 2010; 
Tenzin and Ward, 2012). Indeed, in many countries, rabies remains 
neglected and a low-priority disease due to a lack of evidence on its 
burden as well as on the control interventions’ impact. The number of 
unreported bite and rabies cases is usually high in sub-Saharan Africa. In 
Burkina Faso where there is no active surveillance of rabies and, while 
an average of twenty five human cases is reported per year (Sondo et al., 
2014; Burkina Faso, Ministère de la Santé, 2016), no data is available 
regarding the livestock losses caused by the disease. In addition, its 
impact in terms of costs (from vaccine purchase, travel to vaccination 
sites) and losses (children premature death, working time loss) is equally 
unknown. Therefore, in the absence of such information, such a disease 
may not be felt as an important public health threat for national policy – 
makers in comparison with other major animal and human diseases that 

are highly publicized, like acquired immuno deficiency syndrome 
(AIDS), highly pathogenic avian influenza (HPAI), Ebola hemorrhagic 
fever, malaria and the current COVID-19 (Cavaca et al., 2016). In the 
long run, this contributes to putting a strain on rabies control, rein-
forcing a kind of "vicious circle of indifference" as termed by Dodet and 
Africa Rabies Bureau (AfroREB) (2008). We argue that strengthening 
personnel and efficient use of existing resources can improve the control 
of rabies in the country. This implies an equitable distribution of vet-
erinary and medical expertize and human resources between urban and 
rural areas, preventing work overload in areas with low staffing levels 
(Rwashana et al., 2014; Renmans, 2018). In the long run, work overload 
reduces the motivation and enthusiasm of the personnel, leading to a 
loss of initiative and the ability of proposing innovative solutions. In this 
context, the "lack of financial resources" in countries, regularly pre-
sented as the main cause of ineffectiveness of rabies control (Lembo 
et al., 2010), is highly debatable (Saadi et al., 2021a, 2021b, 2021c). 
Indeed, rabies is declared as a national priority disease, and while its 
control seems to be a concern for the technical services (e.g. animal 
health, public health, municipalities), no integrated control strategy or 
program has ever been developed in the country. 

4.4. Political and organizational dynamics 

On the political and organizational side, the lack of a national rabies 
control program was discussed by most of the stakeholders as the main 
weakness of dog vaccination governance in Burkina Faso. Human rabies 
is currently listed as one of the neglected tropical diseases for the na-
tional control program developed by the Ministry of Health (Burkina 
Faso, Ministère de la Santé, 2016). Unfortunately, animal rabies was not 
considered. Initiating a different national rabies control program for 
animals would not be cost-effective, creating additional financial sup-
port needs from the government and international partners. It would 
obviously miss the opportunity to take advantage of intersectorial syn-
ergies as promoted by the One Health approach (Darkaoui et al., 2017; 
Lechenne et al., 2017). The direct risk of separate initiatives is that they 
enter in competition for resources. In contrast, integrated programs 
allow the pooling of resources and knowledge, which is particularly 
needed in low-income countries (Narrod et al., 2012; Marcotty et al., 
2013; Cleaveland et al., 2014). However, such an integrated initiative 
requires strong leadership, communication and governance to provide 
the expected outcomes (Stephen and Stemshorn, 2016; Lechenne et al., 
2017; Vesterinen et al., 2019). 

The present study describes the cycles by which the vaccination 
governance plays a central role in dog rabies vaccination and the po-
tential way to leverage those dynamics. The way the key technical ser-
vices are organized to handle vaccination-related activities (vaccine 
distribution, short campaign organization, communication) indeed in-
fluences the dog owners compliance with vaccination (Varghese et al., 
2014; Hitziger et al., 2021; Ozawa et al., 2016). It also impacts the 
participation of private veterinarians and the interest from other part-
ners, including civil society, NGOs and international institutions (Marks 
et al., 2010). In turn, the diversity of actors involved in rabies control 
requires a strong leadership capable of creating synergies among actors 
and preventing competition for resources (Stephen and Stemshorn, 
2016; Emerson, 2017). Therefore, key actions would aim at empowering 
stakeholders to strengthen ownership of the programs, to ease data 
sharing and favor transparency and trust between national stakeholders 
and with their international partners. However, such efforts all remain 
dependent on the degree of genuine prioritization of rabies on the po-
litical agenda but also among the diverse missions of technical services. 
Besides the lack of data that is highlighted in the present causal loops, 
we postulate here that the lack of effective prioritization of rabies might 
depend on socio-professional stakes of involved actors, which would 
deserve further investigation enlighted by adapted frameworks from 
sociology of organizations (Crozier and Friedberg, 1977). 
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4.5. Significance and usefulness of the study 

To our knowledge, this study is the first proposing a system view on 
the possibles causes of low dog vaccination coverage. In line with this 
objective, the study included a diverse panel of stakeholders, reflecting 
the complex nature of the intervention. Causal loop diagraming 
contributed to visualize the issue of dog rabies vaccination in a low- 
income setting, in a manner of facilitating its understanding by the 
involved stakeholders. Going beyond a first impression of overwhelming 
complexity, this conceptualization represents a first step to identify and 
promote actionable solutions. However, as a research work, the present 
descriptive approach does not directly offer such actionable recom-
mendations. It provided a visualization of the dog rabies vaccination 
issue in different perspectives, helping a common understanding as well 
as the conception of transdisciplinary and actionable solutions. Indeed, 
these diagrams now need to be mobilized in participatory workshops to 
reflect with stakeholders on the entry points and leverages that can be 
mobilized to induce changes in the system. Indeed, the vicious cycles 
identified may all be turned into virtuous cycles, provided that simul-
taneous efforts on key leveraging variables are identified and imple-
mented. Balancing cycles appear as points of attention or barriers to be 
lifted to achieve this turn of events towards a favorable trend. Rather 
than a desperating set of problems, these causal loop diagrams appear as 
a set of gearings to be actioned. As suggested here above, further studies 
will be needed at the various parts of the system to produce a fine- 
grained understanding of the mechanism at play. For example, the 
outcome of interrelated causal loops will crucially depend on the distinct 
time delays of each of these loops. Our interviews did not generate any 
data on such delays, which remain fully to explore and will influence the 
prioritization of actions. 

Nevertheless, the results already point to main actions for an 
improvement of rabies control in Burkina Faso. Three areas of action can 
be pinpointed as first steps:  

1. Awareness raising – This study pinpoints practical aspects to be 
included in a renewed communication strategy: the detrimental 
habit of killing the biting dogs, the need for responsible dog-owning 
(against free-roaming and in favor of caring owners), and the right of 
owners to request official vaccination certificates.  

2. Data gathering and advocacy – The sound functioning of a rabies 
surveillance and vaccination program would provide for such data 
and political awareness. However, initial data and awareness has to 
be produced in order to initiate this virtuous cycle. Action-research 
may play a role in producing these policy-relevant data. In order to 
combine this need with the previous point of awareness-raising in the 
community, pilot studies could target community-based surveillance 
of rabies, using apps associated with key-messages, in a stimulating 
collective action providing relevant feedbacks to users and 
contributors.  

3. Governance improvement – The multiplicity of stakeholders calls 
for a clear leadership to take advantage of synergies and counter 
competition effects. The challenge of rabies appears here common 
with other zoonoses. Therefore, an integrated rabies strategy for the 
planning and funding of activities should be taken in charge at the 
level of the recently instituted national One Health Platform. 

4.6. Strenghs and limitations of the study 

The strenghs of this study included the fact that interviews were 
conducted and transcribed by the researcher, reducing translation bias. 
The study also included a large panel of stakeholders, reflecting the 
complexity of dog rabies vaccination. In addition, the use of a causal 
loop based-research allows examining the barriers and facilitators 
affecting dog vaccination coverage, in the context of the broader rabies 
vaccination system. To our knowledge, this study is the first of its kind 
exploring the possible causes of low dog vaccination coverage in Burkina 

Faso with a focus on complexity. Using causal loop diagraming in this 
study contributed to capture the complexity involved in dog rabies 
vaccination in a low-income setting. There are, however, some weak-
nesses to this study. Indeed, interviews were conducted in only three 
administrative regions and the study did not include rural areas. 
Therefore, described factors associated with the vaccination coverage 
that we found may not be fully representative for the situation across all 
the locations of the country. In addition, the CLDs described in this study 
were not built through a participatory process, and therefore may not 
reflect all the field stakeholder categories’ understanding of the dog 
vaccination challenges. Hence, the study reflects an interpretation of 
stakeholders’ narratives by the research team, and then still needs to be 
confronted to stakeholder viewpoints and critiques. 

5. Conclusion 

The study provided a systemic view of social, economic, technical, 
political and organizational factors that affect the implementation of 
dog vaccination in Burkina Faso. The causal loop analysis facilitated the 
understanding and explanation of relationships between different fac-
tors and loops that influence the vaccination coverage in the dog pop-
ulation in Burkina Faso. Definitely, the study captures very well the 
complexity of One Health issues and rabies control in particular and puts 
in practice systems thinking in research. These findings constitute a 
starting point for further prioritization of the factors identified and the 
actions required to improve dog vaccination and rabies control. 
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Kagoné, M., Yé, M., Nébié, E., Sié, A., Müller, O., Beiersmann, C., 2018. Community 
perception regarding childhood vaccinations and its implications for effectiveness: a 
qualitative study in rural Burkina Faso. BMC Public Health 18, 324. https://doi.org/ 
10.1186/s12889-018-5244-9. 
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Ouagadougou, Burkina Faso (Thèse Médecine Vétérinaire). EISMV, Dakar, Sénégal.  
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