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Instructions for Authors 

The Cambodian Journal of International Studies is a new initiative by The University of 

Cambodia, a private university which was opened in 2003. Papers will be published in English. 

One volume will appear each year, with two numbers at six monthly intervals. It is primarily an 

electronic journal, freely accessible to all through The University of Cambodia’s web-site to as a 

wide audience as possible; a limited edition of each issue will be printed for special occasions. 

Initially, the Editorial Board comprises academics from The University of Cambodia, with the 

advice from outside referees on various paper submissions as appropriate. Once it has become 

established as a platform for the publication of such studies, the Board will be expanded 

accordingly.  

The Cambodian Journal of International Studies is an interdisciplinary academic journal which 

seeks to serve as a forum for researchers to share their findings on matters related to Cambodia and 

its place in Southeast Asia and the world at large. Thus it will include papers and other articles 

which each provide balanced and non-partisan, and thus provide objective insights into the topics 

which they consider. Areas which will be considered for publication include, but are not limited 

to: 

i. the theory and practice of international relations at the political and diplomatic level; 

ii. comparative economic studies, including of particular trade blocs; 

iii. comparative social and public policy studies; and 

iv. comparative studies of a biological, geographical or geological nature. 

In addition, other types of paper – for example, reviews (including book reviews), commentaries, 

viewpoints, meeting reports and interviews with noted researchers and practitioners in these areas 

– will also be considered. 

 Note that, despite its title, the Journal will include contributions of a local nature, covering 

studies at the national level. 

Manuscripts for consideration should be submitted as Word or OpenOffice documents, prepared 

according to the appropriate guidelines (available from www.uc.edu.kh/cjis). It will be processed 

by the Managing Editor in consultation with members of the full-time Editorial Board; where 

necessary, additional outside referees will be consulted. Thereafter, feedback for the authors will 

be provided using a standard form if appropriate.  

The Cambodian Journal of International Studies strives to be a neutral publication for the 

promotion of peace and understanding in the region and beyond. Given that some papers may 

deal with contentious issues, the Journal will do its best to ensure that each presents an objective 

portrayal of the issue under consideration, whilst at the same time trying to ensure academic 

freedom of publication. Thus the aim of the is seek to provide a balanced approach to contentious 

issues through providing a forum for transparent and open debate, and hence promote objective 

discussion and provide a medium for constructive dialogue between those with different views. 

Where a paper has been submitted which is considered to be otherwise of merit but fails to give a 

balanced overview of a particular issue, the Journal will publish it as an opinion piece, giving the 

opportunity for others to respond. The Journal reserves the right to reject any submission which 

is considered to be not fit to print in an academic forum.  

http://www.uc.edu.kh/cjis
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Abstract 

This paper focuses on how local and community leadership is understood, 

where it is learned, the opportunities and challenges it presents, and mistakes 

that are made. It examines the views of leadership held by Cambodians 

working for International Nongovernmental Organizations (INGOs) in the 

capital of Phnom Penh and the provincial city of Battambang. Those 

interviewed are in leadership positions in their organizations1, or, because of 

their responsibilities, can be expected to be in such roles in the future. The 

consensus themes that emerge – that leaders and leadership should be values 

based, more facilitative than directive, focused on developing others, 

emphasize soft skills, be open to rather than threatened by new ideas, and be 

motivated by passion for the work and not ego driven – are remarkably close 

to qualities commonly associated with good leadership in Western societies.  

This convergence may be explained by the influence of globalized ideas about 

leadership, the fact that interviewees work for INGOs, the high education 

levels of those interviewed, and early life experiences.  It is of future interest 

to know how these images of leaders and leadership compare with those held 

by others in Cambodia, such as government officials. 

 

I.  Introduction 

Nongovernmental organizations, both domestic and international, are an important 

resource for addressing important societal changes. The approach to leadership taken by 

people working in them is consequential because it will impact the success of their 

organizations and may alter views of what in the future is regarded as effective, public-

                                                        
1 Two interviewees recently left INGO positions to join other organizations. 
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regarding leadership in Cambodian society. This paper gives attention to both of these 

impacts. 

Interest in leadership, as both a theoretical and an applied issue, is widespread in the West 

(see for example Bennis, 2009; Chaleff, 2009; Pierce and Newstrom, 2011; van Velsor et 

al., 2010). In Cambodia discussions about what is good leadership, how it is developed 

and how it is disseminated within institutions, are far from common. It is not part of 

Cambodian culture and, as in other places, such discussions might even be interpreted by 

officials as threats that deserve retaliation. Moreover, existing ideas of leaders and 

leadership are reinforced by traditions hard to question, with those traditions commonly 

being embodied by those occupying positions of authority (see for example, Ledgerwood 

and Vijghen, 2002). 

This absence of discussion continues despite forces for change that would seem to make 

new understandings of leadership increasingly critical. Cambodia will continue to face 

strong currents of transition for the foreseeable future.  Some of these are the consequence 

of an often-tumultuous history, others are associated with on-going economic 

transformations, and still others come from outside as global ideas and practices enter the 

country. All of them help to shape the context in which local leaders operate and in which 

this research is done. 

The research reported here is directed at understanding how local and community 

leadership is understood, where the practice of it is learned, the opportunities and 

challenges it presents, and mistakes that are made. This work is part of research in 

Thailand, Laos and Cambodia that inquires into leadership at more local levels.2 The focus 

on local leadership reflects efforts, global in scope, to move greater responsibility, 

resources and authority to less centralized governance institutions.  

The first section describes the broad setting in which those interviewed work. The second 

addresses the significance of ideas about leadership and leaders. The third section 

describes the evolution of this research on local level leadership. Section four summarizes 

the methods used to conduct and then analyze the responses to questions about leading 

and leadership. Section five presents and compares the results from interviews conducted 

                                                        
2 ‘Local’ in this article refers to activities in district or sub-district jurisdictions. 
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in Phnom Penh and Battambang. The final section interprets what is revealed about ideas 

of leading and leadership, how they compare with other places, and what they may imply 

for Cambodia.   

II. Context for Ideas about Leadership and Research Setting 

Cambodia has experienced a challenging and, too often, turbulent history. National 

independence was achieved in 1953 after a long period of foreign rule.  The country soon 

entered a violent period that lasted until 1991, highlighted by the bloody Khmer Rouge 

regime. A Peace Agreement was signed among those vying for power, and the United 

Nations agreed to act as a transitional authority. 

The 1993 constitution describes a multi-party democracy comprised of institutionally 

separate legislative, executive and judicial bodies. Today however it is common to portray 

Cambodia as a set of hierarchy-based patronage relationships (see for example Peang-

Meth, 2013). Loyalties and obligations are pervasive at national and local levels and 

operate outside of formal institutional arrangements (Gottesman, 2003).  Many observers 

have connected the country’s low scores on various measures of social and political 

development, and why corruption is so commonplace, to this pervasive pattern of elite-

based patronage relationships that has been entrenched from pre-colonial times until the 

present day.3 

Hughes and Un (2011: p. 5) argue that the “legacies of conflict” from the recent past have 

declined and that, starting in 2002, the focal point has been on an economic transformation 

that takes place alongside an authoritarian state operating through neo-patrimonial 

institutions. They conclude that “profound social and political changes” already have 

occurred in Cambodia as a result of this transformation.  

The form any new national political-economic order will take is unclear. One possibility, 

less likely to Hughes and Un given the deeply embedded patronage relationships, is 

toward a Western model of ‘Good Governance’ that emphasizes competent public sector 

                                                        
3 Transparency International’s Corruption Perception Index ranked Cambodia as 150th of 168 

countries in 2015. Freedom House’s 2015 ‘Freedom in the World’ survey rated it as ‘Not Free’, 

with low scores on political rights and civil liberties. The United Nations Human Development 

Index placed Cambodia at 143 of 188 in its 2014 estimates. 
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management, the rule of law, accountability, and transparency. More probable in their 

view is a kind ‘crony capitalism’ in which the state and business elites cooperate in 

draining wealth out of the country at the expense of broader development goals. A more 

desirable possibility would see the state gaining sufficient degrees of autonomy – albeit an 

independence that necessarily remains engaged with elite networks – to pursue 

development programs benefitting broader segments of society, including the poor (loc. 

cit.: p. 16). 

Globalization also will play a role, acting in different ways on domestic institutions. 

Hughes and Un think this may mean that the new political-economic order will be a 

“balance of power among different forces inside and outside of the country” (loc. cit.: p. 

21). These forces would include international aid donors. The current and emerging 

leaders of international nongovernmental organizations (INGOs), the focus of this paper, 

can be viewed as both ‘outside’ and ‘inside’ because they bring in external ideas and 

values while, as Cambodians, they are part of the local fabric. 

The first humanitarian INGOs appeared in 1989, followed soon by new or reorganized 

domestic NGOs. Both entered a space created by the devastating conflicts of the preceding 

years. Many more followed the United Nations entrance as a transitional authority in 1992 

(NGO LawMonitor, 2015; Brinkley, 2011: p. 25). According to the NGO Law Monitor 

(2015), as of spring 2015 approximately 3,492 NGOs, INGOs and associations were 

registered. It estimated that about 1,350 of them were active. In comparative terms there 

was about one for every 10,000 Cambodians, the second highest ratio in the world after 

Rwanda (Domashneva, 2013). 

INGOs in general do not have much direct influence on government strategy and policy 

because in practice there is little room for dialogue. Moreover officials can easily interpret 

advocacy, such as for human or civil rights, as oppositional and take steps to control or 

restrict it. (NGO Law Monitor, 2015; Brinkley, 2011). Recent years have brought efforts 

to impose new requirements on INGOs4,5 (see Frewer, 2013; Babovic and Vukovic, 2014). 

                                                        
4 The procedural requirements for registration of INGOs can be complex and difficult. See for 

example NGO Law Monitor, 2015; Brinkley, 2011.  
5 The patronage pattern has at times presented challenges for NGOs and INGOs. For example, in 

their 1990s study of rural leadership in Cambodia, Ovensen et al. (1996) concluded that. “Any 
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At the same time it is widely acknowledged that, since the early 1990s, NGOs and INGOs 

have made significant contributions to reconstruction and development. It is reasonable to 

expect that they will continue to play a meaningful role in addressing outcomes associated 

with economic change, and in promoting more effective public institutions at all levels 

(Norman, 2014). For how an INGO can act to improve local government services, see Neb 

(2017). 

Their impact may be especially strong at local levels because of decentralization initiatives 

beginning in 2002. A system of commune governments was followed in 2009 with 

election of local district and provincial officials.6 Sedara and Ojendahl (2014) suggest that 

as these local institutions are changing so are local decision-making processes. This has 

the potential of generating “deep transformation in the structure of local governance.” 

Community-based organizations then will have “a crucial role to play in being 

intermediaries in the ‘dialogue’ between people and authorities now emerging in rural 

Cambodia” (Sedara and Ojendahl, 2007: p. 267).  

III. Significance of Ideas about Leadership 

Leadership of all kinds is important for societies and organizations. In Cambodia’s 

shifting institutional setting local leadership – what happens at the district or sub-district 

levels – is especially significant because it affects how communities organize and express 

their interests and concerns (Ledgerwood and Vijghen, 2002; Thon et. al., 2009; Sedara 

and Ojendahl, 2011). The influence of organizations operating in communities is likely to 

vary with the practices of their leaders and their ideas of leadership.  Although not much is 

known about how new ideas about leadership are disseminated within or across 

organizations (see for example Shondrick et al., 2010), leadership perspectives and 

practices may have broader impacts through the multiple interactions individuals from 

these organizations have with Cambodian society and its institutions.  

                                                                                                                                                                       
agents of a development project should thus prior to its commencement ask themselves whether, 

or which, power structures and patron-client relations are being challenged by it, and whether 

the project, and the people participating in it, will be able to endure that challenge; and whether 

the development gain will outweigh the insecurity it might bestow on its ‘beneficiaries’.”  
6 For interpretations of Cambodia’s decentralization initiative see for example Eng (2014). 
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Finally, the particular ideas about leadership held by Cambodians working for INGOs are 

of interest because they have been exposed to outside views while also regularly 

interacting with community members, local organizations and government officials.   

IV. Project background 

Our interest in local leaders has evolved over a number of years, beginning in November 

2008 in a project with five successful local leaders from northeast Thailand. In September 

2009, we organized a workshop in Dan Sai, northeast Thailand; and, in February 2010, 

another in Mukdahan on the Mekong River across from Laos. These workshops brought 

together a larger group of individuals, including Laotians, from organizations operating at 

the local level and joined them with the five Thai leaders from the first project. In 2011, 

we traveled to Vientiane, Laos, using questions we had asked the five Thai leaders to 

conduct a small survey, then returned in 2012 for interviews (Pratt and Yongvanit, 2014, 

2016). In Cambodia, we interviewed in Battambang in February 2014; and in Phnom Penh 

in February 2015. 

Access to a diverse range of interviewees was gained through the indispensable assistance 

of well-connected local colleagues, since we wanted to create a climate in which people 

could more openly express opinions. This was important even though our primary goal is 

to explore diverse understandings of leadership and leaders. Not surprisingly aspects of 

the political context surfaced in responses to our questions. 

V. Methodology 

Because what we have sought to learn has remained constant since 2008 it has been 

possible to use the same questions across diverse settings. This level of consistency 

provides rich opportunities for generalizations and comparisons. The six questions7 that 

are the focus of this paper are: 

 What is a ‘leader’? (“What do you think it means to be a ‘leader’?”). 

 What makes someone an effective leader? (“In your opinion, what is most 

important for a local leader to be effective?”). 

 The challenges local leaders face (“What do you think is most challenging about 

being a local leader?”). 

                                                        
7 These together with follow-up probes are listed in the Appendix.  
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 The sources of learning about leadership and leading (“Describe where and how 

you learned to be a leader. Who are your important leadership role models, and 

why is each important?”). 

 The mistakes being made by other local leaders (“What do you think are the 

biggest mistakes made by people who want to be local leaders, and what makes 

those mistakes so important?”). 

 Suggestions that would improve what local leaders do (“What suggestions can you 

give to help to help local leaders make positive differences on behalf of their 

organizations and their communities?”).8 

Most interviews could be conducted in English because of the facility with it required by 

the INGs including for travel outside of the country for work and education.9 Responses 

were captured in writing by one of the researchers, who interrupted the interview to ask 

when something was not clear.  Some responses were written down verbatim for possible 

use later. Following the interview the researchers reviewed the notes together to ensure 

agreement on meaning.   

The interview results for Phnom Penh and Battambang are reported for each question as 

themes. The themes emerged from analysis of the written interview notes.  The points 

made by respondents to each question were first listed, and then similar and overlapping 

points were grouped together. The groupings that emerged are the themes summarized for 

both interview sites. Each was given a label to reflect its content.  The results by themes 

include illustrative statements from the interviews.10 

The conditions under which this research was carried out did not permit a representative 

sample, or even the approximation of one. All of the respondents are Cambodians who 

occupy important positions in INGOs that address important issues at the community 

level.11 The individuals, and therefore the organizations they work for, were chosen by the 

                                                        
8 Two other questions were part of the interviews but are not included here for space 

considerations and because they are less relevant to this article. They were (a) What the 

interviewees see as their greatest successes, and why; and (b) What has motivated them to 

undertake the work they do.   
9 An interpreter was used in one interview. In a few instances a native speaker sat in the interview 

for when clarification was needed. 
10 The statements in quotations are either exact quotes or close paraphrases from interview records. 
11 Two interviewees recently changed from INGO to government positions. Our questions focused 

on their INGO experience. Their contrasting of the two environments is referred to in the 

Discussion. 

 



Richard Pratt and Sekson Yongavit 

10 

 

opportunities created by Cambodian colleagues, rather than at random. To counter the 

limits this places on generalizability we compare results from interviews conducted in 

Phnom Penh with those from Battambang. This provides some basis for inferring that the 

results apply to a broader range of organizations doing similar kinds of work. 

‘Leader’ and ‘leadership’ are key terms in this inquiry. They of course may have their own 

meanings in Cambodian society and culture. Given the previous field testing, the 

education levels of this particular population, the wording of the questions, the 

opportunities for clarification that interviews permit and the responses generated, there is 

good reason to conclude that we and the respondents were looking at the same thing. We 

believe that, despite the challenges presented by language, cultural differences and 

political sensitivities, these questions are capturing perspectives on what “leadership” 

means, the sources of their understanding, and the ways leaders can be more effective. 

VI. Results 

1. Phnom Penh Interviews 

Phnom Penh, the capital city, has a population of about 1.3 million, and is the urbanized 

commercial and political center of the country. The INGOs of those interviewed in Phnom 

Penh address issues related to access to education, environmental protection and 

conservation, the challenges facing family and youth, agricultural practices, health and 

HIV, and community development. Three the INGOs are funded by foreign churches and 

incorporate to varying degrees a Christian perspective.   

Table 1 shows interviewees were split almost 

equally between male and female suggesting 

that responses do not have a gender bias.  

The equal division may reflect gender 

diversity in the hiring and promotion of staff 

for INGOs. This diversity in turn is likely to 

have consequences for who fills leadership 

positions in the future.   

Table 1 Interviewees’ gender and age for 

Phnom Penh. 

Age Total 

Number of 

Females 

Less than 30 3 1 

30 to less than 40 5 5 

40 to less than 50 5 1 

Total 13 7 
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Table 1 also presents the range of ages by gender.12 All five of the females are in the 30 to 

40 age range, while four of the five above 40 are male. It is noteworthy that no one has 

reached 50 years of age, in a society that historically associated respect for authority with 

age. The person with the most experience and highest-ranking position is mid-40s and 

others are occupying positions of responsibility at much younger ages. This is presumably 

a consequence of the country’s ordeal in the mid to late 1970s when so many adults lost 

their lives under Khmer Rouge: someone born in the early 1970s now would be in his or 

her early 40s. It also means that the perspectives of older people are less represented while 

in the future the views reflected by these interviewees will be more prevalent.   

Table 2 shows that eight had a Master’s degree, with the other five having an 

undergraduate degree. Five of the thirteen serve in ‘director’ roles for their organizations, 

while six are in vice president and coordinating positions.  Five of the latter had Master’s 

degrees, suggesting they will move to higher positions in their current or similar 

organizations in the future.  

Table 2 Current position and highest education level of Phnom Penh  

interviewees. 

Position Number 

Education Level 

Undergraduate Master’s 

Project Officer 2 1 1 

Director 5 3 2 

Vice President/Coordinator 6 1 5 

Total 13 5 8 

i. What a ‘Leader’ Means Six themes together represented what these respondents believe 

makes a person a formal or informal leader, in comparison to a person who is respected or 

liked but not viewed as a leader. They were: 

a) Capacity Building – Capacity building in general, and giving people the tools 

needed to do their work; understanding what is needed to be successful; recognizing 

where a program, an organization or a community is going and what is needed to 

get there.  

                                                        
12 We did not, for sensitivity reasons, ask the age of interviewees. These data are based on 

deductions from information provided in the interview or on our shared guess of approximate 

age. 



Richard Pratt and Sekson Yongavit 

12 

 

b) Being Moral and Working for Others – Not being superhuman (“A leader is just 

a normal person”), but someone with special qualities; showing moral behavior 

(e.g., being fair, respectful); doing things for society and not just for self. 

c) Boss vs. Leader – A ‘boss’ tells people what to do, without providing the needed 

support or information; a leader assumes meaningful responsibility for what 

happens (“A leader is more like a father who spends time with the family and is 

able to guide its members”). 

d) Supports Team Effort – Being a good example for the team; high commitment to 

team-based efforts; combining shared responsibility, good management skills, 

information sharing and high levels of collaboration; understanding the issues 

facing team members (“Work with them; walk with them; hold them”). 

e) Vision – Working with others, but seeing the bigger picture (“Walk together but 

with a clear vision”); a perspective that can turn a challenge into something of 

benefit (“Some people just see a tree, but I look at it and see its many possible 

uses”). 

f) Developing Leaders – Showing others how to lead, and not just being a competent 

follower (“Leader is building a leader”); knowing what someone needs to be a 

leader, such as experience, skills, character and attitude. 

ii. What is Required to be Effective The question about effectiveness explored perceptions 

of what is required to successfully move organizations and communities in desired 

directions. Five themes emerged:  

a) Passion – Having passion and enthusiasm (“I love working in the village”); 

conversely, without passion, leaders are likely to be overwhelmed and may give up. 

b) Knowledge over Power, Tradition – Willingness to learn and not assuming that 

simply occupying a role, however powerful, is enough; readiness to accept change 

and not be bound by past practices.  

c) Self-Knowledge and Soft Skills – Self (‘inside’) understanding of what is good for 

people and not just for self; joining soft skills (e.g. facilitation and communication) 

with hard skills (e.g. project management, accounting); being able to get followers 

to do what the leader wants “without being afraid.” 

d) Motivating and Engaging – Being more than smart or competent; good 

interpersonal communication; encouraging others; guiding and giving feedback; 

showing how to contribute; helping followers to see when something is not working 

so they are comfortable discussing issues and problems 

e) Being a Good Role Model – Actions speaking louder than words (“If speak A, 

don’t do B”); being patient and not jealous of others’ successes; participating in 

decisions with staff; not using people; showing flexibility.   

iii. Challenges This asks what is most challenging about being a local leader. Probes 

inquired into what was turning people away from wanting to lead. There are six themes:  

a) Not Able to Apply Knowledge – Jobs not fitting formal education; bosses 

threatened by education and/or competence; an environment that blocks initiatives; 

poor discouraging facilities; low quality human resources. 
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b) Villager and Farmer Expectations – Farmers and villagers having a low 

education and not understanding that good results usually take time; frustrated 

villagers and farmers too impatient for action.  

c) Becoming Visible and Connected – Getting the visibility and connections needed 

to be effective, especially when younger; dealing with government officials 

operating within their established relationships. 

d) Be Clear on Values, Goals – The conflict between seeking a high a position or 

trying to become powerful and other priorities, such as developing character, loving 

yourself and others, and being useful to people. 

e) Information – Obtaining information needed to understand things that are complex 

(such as financial accountability).   

f) Working across Differences – Differences in ideas, personalities and behaviors; 

people not listening to one another; dealing with jealousies; difficult individuals 

who require special understanding; the older not respecting those younger; 

employees not being trust worthy (“All of this is tiring and takes a lot of time and 

energy”). 

 

iv. Sources for Learning about Leadership and Leading   This asks about sources for 

learning about leadership. The responses form five themes:  

a) Inspirational – People who take care of the poor; common people in villages who 

have dignity and patience despite obstacles (“The people are my teacher and 

professor”). 

b) Famous People – Jesus, Peter, Mahatma Gandhi, Barack Obama and Bill Gates. 

c) Models from Work – The directors of NGOs and INGOs; bosses; foreigners in 

these organizations, including country directors. 

d) Family – Fathers (“Uneducated but a good man”) and mothers, brothers and 

brothers-in-law.  

e) Media – Newspaper stories, books, and Facebook.   

 

v. Mistakes This inquires about mistakes made by others who lead or aspire to lead 

locally. A ‘mistake’ refers to something that results in not being successful, or doing harm 

to an organization or community. This and the following questions – about advice they 

would offer if given the opportunity – generated the most comments.13 The responses 

formed five themes:  

a) No Perspective, Skills, Planning – Trying to lead while seeing only parts of the 

big picture; not well organized; inability to manage time; poor planning (“Leaving a 

group or community in poor condition”). 

b) Self Importance – Being too proud; thinking he or she has knowledge and not 

accepting it from others; only telling people what to do with no effort to understand 

the situation; not being open about mistakes (“You see, I make a mistake but I am 

still a leader”). 

                                                        
13 The reason for this is not clear. It was not true for Battambang.  
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c) Focusing on Power - Pursuing power in different forms; desiring the organization 

to grow so the position gets bigger and bigger (“Think that power makes them 

good”); using power to promote people not deserving; being unfair (“Loves power 

more than people”); participating in corruption. 

d) Not Learning - Not making use of feedback from the group or the community; 

taking feedback too personally; failing to accept information that is challenging and 

wanting to hear just good things (“They don’t want to hear the bad news”); focusing 

only on money matters without understanding the staff’s experience; complaining 

without learning about the problem and trying to fix it. 

e) Insensitivity to Staff – Not responding; leaving people feeling unsupported; with 

holding information important to a team; not allowing staff to provide information 

needed by the village; poor communication and using words without thought. 

(“Don’t use speeches, use action”); not sharing benefits, such as professional 

opportunities, awards and recognition. (“They take benefits as theirs that should go 

to members”).  

vi. Advice To Other Leaders The final question solicits suggestions to help other local 

leaders be more effective. Interviewees were asked to picture themselves in front of a 

group of leaders who have asked them for advice.  Four themes formed:  

a) Openness to Learning and Seeing Mistakes – Be open to learning, including 

learning lessons from outside of Cambodia; not being too proud to see own 

mistakes (“If you make a mistake, everyone will see it.”); think about what you are 

doing wrong before going to others; hear what is not working for followers (“Many 

leaders in Cambodia are not real leaders; they are commanders”). 

b) Other Oriented, Transparent and Good Governance – Thinking first about 

nation, family, team and not about position; working hard for the group or for 

society and not personal benefits; being open to solving conflicts and consulting 

with others before making decisions; having good governance, transparency, 

accountability and independence; not being corrupt. 

c) Respect and Humility – Serving people with respect and humility (“If you want to 

be a leader you should not tell people you are better than them”); relying on 

behavior rather than words; not being “the boss” and learn to manage yourself 

(“Don’t act like you know everything because you have a high position or high 

degree”); giving support and not leaving people on their own (“Don't just say: 

‘complete this and get back to me’”); valuing people who contribute and 

encouraging their ideas; not taking others’ abilities as threats; sharing benefits and 

opportunities fairly with those who work hard (“It makes me sad to see people who 

are not treated well and not given opportunities”). 

d) Understand Teams and Teamwork – Understanding what teamwork is; being 

interested in the lives of team members (“Try to understand the people around you 

rather than them trying to understand you”); trying to understand the culture of 

group members, including those not from Cambodia; encouraging learning from 

outside the organization and from each other.. 
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2. Battambang Interviews 

Battambang is the third largest city in Cambodia with a population of about 140,000.  It is 

the capital of rural Battambang province, known for rice production, and is a commercial 

center in the country’s northwest. The interviewees’ INGOs address issues similar to those 

in Phnom Penh. These include youth and village education, challenges facing children, the 

environment and sustainability, land titles and housing, and empowering women. The 

biggest difference is attention given to resettlement of those displaced in the Khmer Rouge 

period, and on empowering women. One interviewee’s salary is paid by the INGO, but he 

is assigned to the municipality of Battambang to improve the city-INGO relationship.  

Table 3 shows an age distribution similar to 

Phnom Penh interviewees, with none 

reaching age 50.  Three of the eight are 

female and, as with Phnom Penh, this may be 

a reflection of hiring practices among 

INGOs. 

Table 4 shows that despite their relative 

youth five of the eight are at the level of 

director and one holds the position of project officer. Table 4 presents the educational 

level of these interviewees. Three have Master’s degrees and the remaining five completed 

an undergraduate education. As was the case in Phnom Penh, this is higher than the 

general population. As we will see, higher education competes with younger age in 

accounting for positions held. 

Table 4 Current position and highest education level of Battambang 

interviewees. 

Position Number 

Education Level 

Undergraduate Master’s 

Project Officer 1 1 0 

Director 5 3 2 

Vice President/Coordinator 2 1 1 

Total 8 5 3 

 

Table 3  Interviewees’ gender and age for 

Battambang. 

Age Total 

Number of 

Females 

Less than 30 2 1 

30 to less than 40 2 1 

40 to less than 50 4 1 

Total 8 3 
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i. What a ‘Leader’ Means Six themes describe what makes someone a ‘leader’ according 

to the Battambang sample: 

a) Leader vs. Boss – Being a boss is not enough (“In Cambodian context people want 

to be leaders so that they can be the boss and have influence over people.”); staff 

are not ‘assistants’, but colleagues; responsibility is shared; not forcing people at 

lower levels; not deciding by self alone.   

b) Self-understanding and Ethical – First leading oneself well (“Understand 

yourself first!”); working not for self but for the community; being ethical. 

c) Vision and Realism – Having long-term vision; realism about what a community 

can do; showing the way. 

d) Works with Others – Inspiring others in working with them; solving problems 

together; sharing information with staff who don’t have enough of it. 

e) Capacity Building – Increasing capacity in knowledge and education; providing 

knowledge to build the community. 

f) Responsibility – Having a big sense of responsibility; working harder than others; 

being accountable. 

ii. What is Required to be Effective   Perceptions of what is required to successfully move 

organizations and communities in desired directions generated five themes:   

a) Knowledge over Power – Building knowledge, not power; readiness to learn and 

not assuming knowing everything; listening. 

b) Other-Oriented – Consulting on decisions; sharing responsibility; being happy for 

successes of others; not doing harm; helping with mistakes; gathering ideas from 

others. 

c) Role Model – Transparency; honesty; politeness; using skills (e.g., good 

communicator). 

d) Responsibility – Being strongly committed; clarity on goals; sense of 

accountability. 

e) Openness – Being open-minded; receptiveness to criticism; accepting change 

(“Things are not right or wrong and a leader has to be ready to change mind about 

the best way to do things”). 

iii. Challenges  What is most challenging about being a local leader produced five themes 

for these interviewees:  

a) Working across Differences – Having to compromise with different views; 

negotiating and networking with the government (“It is a big challenge.”); younger 

people working with older persons in the government (“The problem is only with 

the older government officials, not villagers”); dealing with staff that don’t 

perform well. 

b) Being Heard – Struggling to have your voice heard; trying to get the community 

to understand things; dealing with groups that aren’t doing what was agreed. 

c) Relevant Skill Sets – Developing the right skills for highly diverse settings. 

d) Hard Work and Patience – Being more responsible and accountable; working 

hard with the community while also being patient. 
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e) Risks – Giving responsibility to current staff who may fail; striving to develop a 

community; being blamed when things go wrong; losing your position because of 

a mistake. 

 

iv. Sources for Learning About Leadership and Leading  What are these respondents’ 

most important sources for ideas and images of leadership?  The Battambang responses 

fall into three themes.  

a) Inspirational – Common people; ordinary people with courage (e.g. a Cambodian 

community worker who worked before and after the Khmer Rouge; women who 

stood up against the government and a land activist; a Cambodian monk.)  

b) Famous People – Nelson Mandela and Aung San Suu Kyi; Bill Gates; a former 

king of Cambodia. 

c) Models from Work – People in other NGOs. 

 

v.  Mistakes  Mistakes observed in others who aspire to lead locally formed four themes:  

a) Self Important, not Open – Thinking they are the ‘boss’, the best (“They know 

and others don’t”); not doing what was agreed to with the group; not respecting 

people in the community who promoted or elected them; talking and not listening 

because of self-image as leader (“Do what I do”); being too ‘official’. 

b) Not Learning – Not understanding that times change; not recognizing that what 

worked before may not now; not learning from mistakes; not learning from outside 

the organization; just giving up when something doesn’t work. 

c) Insensitivity – Asking the staff to work too hard; not knowing the staff’s capacity; 

blaming and causing loss of face. 

d) Not Public Oriented – Mixing private interests with public work; violating 

individual rights; enjoying benefits but not giving to common people (“People are 

poor, and so is the government; they both are beggars … but high ranking 

government officials are rich”). 

vi. Advice To Other Leaders The last question asks what advice each would give a group 

of local leaders to help them have a more positive impact on their organizations and 

communities. There are four themes:  

a) Work with the Community – Being clear with community about what you are 

thinking (“Here is my idea; what do you think?”); being flexible and guided by 

cultural values and community traditions; staying close to local people; being 

accessible to the community when it needs you.   

b) Understand Processes – Being engaged with a process enough to make the 

process work; setting and then monitoring plans (“The government sets plans and 

then just leaves them without monitoring what happens in implementation”); 

finding out why mistakes are happening and addressing them. 

c) Share Power and Respect – Delegating power to others; practicing democratic 

management; discussing with team before adopting goals; knowing how to 

motivate staff; respecting the staff (“Recognize that staff are not just subordinates, 

but also are leaders”). 
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d) Supportive Role Model – Being a positive role model; being friendly with 

everyone; supporting those who are working at the local level. 

 

3. Comparing Results From Phnom Penh and Battambang Interviews 

This section compares and interprets the themes found in the two interview sites. There is 

a substantial overlap on all but one of the six questions, the exception being about advice 

to give other local leaders. This at least suggests that responses to questions about leaders 

and leadership found in this study would be similar for Cambodians working in a range of 

INGOs.  Because our interest is in the degree to which ideas about leadership converge in 

these interviews, the emphasis is on points of agreement between Phnom Penh and 

Battambang, rather than differences.   

i. What being a ‘Leader’ Means Four themes from Battambang overlap strongly those 

found in Phnom Penh. They are: 

 A ‘leader’ is distinctive from a ‘boss’. 

 A leader is moral and works for others. 

 A leader has a guiding vision. 

 A leader builds capacity in organizations and communities.    

In addition there is substantial overlap between the Battambang theme of “Working with 

Others” and Phnom Penh’s “Supporting Team Effort.”  

With respect to differences, nothing in the Phnom Penh interviews is close to the theme of 

strong sense of responsibility, while Battambang responses do not include a focus on 

Phnom Penh’s theme of leaders developing other leaders.   

These comparisons are shown in Table 5.   

Table 5  Shared and distinctive themes on what distinguishes a leader.  

High Overlap Substantial Overlap Phnom Penh Only Battambang Only 

A ‘leader’ is different 

from a ‘boss’. 

Supporting team effort 

(PP) with Working 

with others (BB). 

Developing other 

leaders. 

 

Strong sense of 

responsibility. 

Moral and works for 

others. 

  

Has guiding vision.    

Builds capacity    

 



Perspectives on Local INGO Leadership in Cambodia 

 19 

A ‘boss’ is someone who assumes an official position brings the right to direct others, 

make decisions and in general be deferred to.  A ‘leader’ is defined by what he or she is 

able to do in facilitating the work of others and guiding the group, organization or 

community. A leader’s moral principles mean work is on behalf of others. A clear vision 

and a broader understanding of context guide actions. A leader builds capacity. Leaders 

are not controlled by pride, show humility, and are open to new ideas.  

ii. What is Required to be Effective As in the first comparison, four themes are in 

common: 

 Making knowledge more important than power or tradition. 

 Having self-knowledge and soft skills. 

 Acting as a positive role model. 

 Being strongly motivated and passionate about the work. 

With respect to differences, a Battambang theme highlights the need for openness to 

criticism and to change, while a theme in Phnom Penh emphasizes the importance of 

motivating others. This is shown in Table 6.  

Table 6 Shared and distinctive themes on what is required to be effective. 

High Overlap Phnom Penh Only Battambang Only 

Using knowledge over power or 

tradition. 

Motivating/engaging 

others. 

Openness to change, 

criticism. 

Self-understanding and soft skills.   

Being a positive role model.   

High motivation; passion for the 

work. 

  

This characterization is consistent with the distinction made between ‘boss’ and ‘leader’. 

A leader relies for effectiveness on knowledge and experience, not position; has developed 

self-understanding that overrides pride and the need for control; works well with others 

rather than directing them; is a positive role model; and has strong motivation.  

iii. Challenges Local INGO Leaders Face Three themes describing the consensus 

challenges local leaders face:  

 Working across differences. 
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 Being heard and gaining visibility. 

 Having the right skills and knowledge. 

Differences are found in the Battambang themes of ‘Hard Work and Patience’, and ‘Risk’, 

and in the Phnom Penh themes of needing to be clear on values and goals and the effort 

required to get needed information. This is summarized in Table 7. 

Table 7 Shared and distinctive themes on what challenges local INGO leaders 

face. 

High Overlap Phnom Penh Only Battambang Only 

Working across 

differences. 

Villager/farmer 

expectations.* 

Both working hard and 

being patient. 

Being heard; becoming 

visible. 

Getting needed 

information. 

Presence of risks. 

Having the right skills 

and knowledge. 

Maintaining clarity about 

values/goals. 

 

*This also has substantial overlap with ‘Working across differences’. 

iv. Sources for Learning about Leaders and Leadership Three themes are shared about 

the source of ideas and images on how to lead: 

 Inspirational individuals (e.g., common people and those who stand up for 

them). 

 Famous People (e.g., Aung San Suu Kyi, Bill Gates). 

 Models from work. 

Table 8 Shared and distinctive themes on sources for learning about 

leaders and leadership.  

High Overlap Phnom Penh Only Battambang Only 

Inspirational individuals. Family  

Positive models from work. Media  

Famous people.   

Table 8 displays these results.  Ideas of leadership and images of leading are shaped by 

those well-known as inspirational figures, by people in their work places whose 

effectiveness they admire, and by people whose successes in different walks of life have 
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made them famous.  Only one historical Khmer national figure, a former king, is included.  

Only Phnom Penh interviewees mention family and social media. 

v. Mistakes Observed in Other Leaders Three themes describing mistakes made by other 

local leaders are common in both sets of interviews: 

 Too much self importance. 

 Not learning. 

 Insensitivity to the needs of staff. 

This, together with what is not shared, is shown in Table 9. 

Table 9 Shared and distinctive themes on mistakes seen in other local leaders. 

High Overlap Phnom Penh Only Battambang Only 

Self-importance; too much 

pride. 

Lack of perspective, skills, 

planning. 

Not public oriented. 

Not open to learning. Too much focus on power.  

Insensitivity to staff.   

The consensus points for mistakes are in essence the opposite of the thematic pattern that 

defines a ‘leader’. They  point to being prideful and seeing oneself as too important (i.e., 

acting like a ‘boss’), assuming that  having an official position of authority means no 

further learning is needed, and not respecting, acknowledging or rewarding staff.  

vi. Advice To Other Leaders  There is much less agreement on what advice to give other 

local leaders.  One of the Battambang themes, showing respect for others, has a parallel 

with Phnom Penh. These results are summarized in Table 10. 

Table 10  Shared and distinctive themes on advice to other local leaders. 

High Overlap Phnom Penh Only Battambang Only 

Having respect for others. Openness to learning; 

seeing mistakes. 

Work with the community. 

 Other orientation; 

transparency; good 

governance 

Understand processes. 

 Understand teams and 

teamwork. 
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The differences in this area are larger than the similarities. Phnom Penh interviewees 

focus on recognizing mistakes, being other-oriented and transparent, and understanding 

teams and teamwork, while Battambang responses emphasize understanding processes 

and the importance of working with the community. 

VII. Discussion 

Similarities between Phnom Penh and Battambang in views about leadership outweigh 

differences. The strongest consensus is in responses to the first two questions:  what it 

means to be a ‘leader’ and what is required for a leader to be effective.  

Interviewees reject views of leadership that are defined by an official position or the 

power an individual holds. A leader’s moral authority and orientation to others are more 

important than his or her positional authority.  A leader, unlike someone who is just ‘a 

boss’, provides critical components for success by setting direction and building 

individual, organizational and community capacity. These views clearly challenge both 

seniority and hierarchy as the basis for effective leadership.     

Ideas about what is required to be effective are consistent with this image of a leader and 

leadership.  Information and knowledge are more important than actions that are based on 

traditional ways of doing things or on power. Self-understanding that lays the foundation 

for good people skills and positive role modeling are critical. Strong motivation – passion 

– for the work is more important than experience or job description. Age, seniority or 

connections are not relevant to getting things done for an organization or a community. 

Key challenges are presented by the need to work effectively across the diversity of staff 

as well as bridging differing staff and villager experiences and expectations. Staff can vary 

widely in education and experience, and, in the case of an organization with international 

staff, in culture.  

The challenge of bridging the gap between staff and villagers is not surprising given 

differences in age and education. Responses to what a ‘leader’ means made it clear that 

knowledge and experience are highly valued, but it is a challenge to have the right kind of 

each because of the diversity of settings and range of issues. Working with poor, 

uneducated farmers and villagers who speak and think so differently can be a bridge even 
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harder to cross than working with older or unskilled staff. Interviewees consistently 

acknowledged the life experience and practical skills of farmers and villagers, and 

contrasted these with their youth and formal education. In their view crossing the bridge 

this created requires they show humility and respect.    

Another important challenge occurs in relations with government officials: INGO 

executives and staff may meet with government officials, but as our review of the position 

of INGOs in Cambodia shows, are not on the ‘inside’ when important decisions are 

discussed and made. They are not in the formal or informal networks that public officials 

use and therefore need to seek out ways of ‘being visible’ and of being taken in to 

account. This lack of standing is compounded by age differences that are culturally 

important.  Government officials, who typically have been promoted by seniority, tend to 

be older.14  

These respondents have acquired their ideas of leadership from individuals whose 

community work or defense of vulnerable people inspires them, from some whose 

successes have brought them international attention, and from those they see as good role 

models in their organizations. Strong motivations to make a difference and/or a 

demonstrated effectiveness in action appear to tie these together.  What is surprising is that 

only one Khmer national figure, a former king, is mentioned. Despite the abundance of 

Khmer symbols in their everyday environments, well-known contemporary Khmer are not 

seen as positive models for leading. 

What interviewees observe as mistakes by other local leaders are of particular interest. 

Two are virtually direct opposites of the positive patterns that define a ‘leader’. These are, 

first, being prideful and seeing oneself as too important and, second, assuming that simply 

occupying an official position of authority means no further learning is needed. Both of 

these are viewed negatively as acting like a ‘boss’. The third mistake is not respecting, 

acknowledging or rewarding staff. This emphasizes the kind of relationship leaders are 

expected to have with staff and others they work with. This relationship should be one of 

equality rather than subordination; facilitation rather than dictating; and acknowledgement 

rather than taking for granted.   

                                                        
14 This also may be compounded by the relatively young age of these respondents.  



Richard Pratt and Sekson Yongavit 

24 

 

It is not surprising that respecting others is highlighted as important advice to give other 

local leaders since the importance of respect is registered in different ways throughout the 

responses. This appears to be another way of rejecting highly structured systems of 

authority and unresponsive bosses in favor of teamwork, collaborative decision-making 

and the development and acknowledgement of peoples’ skills. 

 It is striking however to find so much divergence on what advice would be given since 

overlap in responses to the first five questions is much higher. This difference might be 

explained by the frames of reference in which leaders are seen. Phnom Penh interviewees 

appear to be more focused on the ‘inside’ of the organization and therefore tend to see the 

leader in relation to how he or she deals with its issues. From the perspective of leadership 

as more of an internal issue, teamwork transparency and mistakes that may harm the 

organization are of great importance.  

On the other hand, the Battambang reference is in general more outward focused with a 

greater emphasis on effectiveness in relation to the external environment. Leaders of 

course have organizational responsibilities, but their external effectiveness is paramount. 

Understanding processes, such as those guiding relations with the community and 

government officials, and working well with community members are critical to success.  

The consensus themes that have emerged here – that leaders and leadership should be 

values-based, more facilitative than directive, focused on developing others, emphasize 

soft skills, be open to rather than threatened by new ideas, and be motivated by passion for 

the work rather than ego-driven – are remarkably close to qualities that are commonly 

associated with good leadership in Western societies (see, for example, Goleman, 1995; 

Greenleaf, 1997; Chaleff, 2009; Block, 2013). Stated differently, no one attending a 

graduate course or company training on leadership today would be surprised to find these 

qualities the focus of discussion. Why this apparent convergence, and what might it tell 

us? 

One explanation is that it reflects the globalization of ideas – in this case ideas about 

leadership. It is beyond question this is occurring, but also a stretch to conclude that these 

ideas have penetrated deeply everywhere. It is more likely that these ideas are powerful 

because of factors related specifically to these interviewees. 
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One factor could be that the respondents are employed by organizations with international 

sponsors and in the normal course of their work these ideas might be reinforced. It would 

occur through interactions with the foreign heads of the funding organization, travel to 

conferences, and training programs. The possibility that this is occurring has to be 

tempered by the fact neither travel nor training were mentioned as sources, although 

organizational leaders were. 

This group overall has much more formal learning than the population as a whole and 

education may be a factor. No one had less than a university education, and nine of the 21 

had graduate degrees. Education changes people’s outlooks. Still, it seems unlikely more 

than a few of them would have immersed themselves in curricula focused on leadership.15  

Another factor may be the way in which age and life experience have combined for these 

interviewees. In Phnom Penh eight of the thirteen are below 40 and none 50 or older, 

while in Battambang none were as old as 50 and half were less than 40 years old. Yet at 

these relatively young ages they are occupying positions of responsibility.  

Their prior life experience may influence views associated with this early assumption of 

responsibility. A number commented that their childhood experience of abuses of power, 

war and genocide, which occurred recently in their personal histories, affect how they 

view leaders and leadership and contribute to the passion for their work. A number 

referred to their family’s struggles with poverty during their childhood. These experiences 

taught them the importance of helping others. They also created a strong drive to push 

Cambodian society into a better future, a drive that is above their own personal needs and 

successes.    

Their views of leadership can, from another perspective, seem overly idealistic and even 

naïve, especially given the interviewees were relatively young, and when held up against 

the societal context in which they are trying to be successful. It is also true that their views 

are informed by personal and professional experience that is beyond what would be 

expected of someone at their stage of life.   

                                                        
15 A internet scan of leadership training and education in Cambodia produced very little and less 

than we saw in Laos in a similar review. This also is common across the region.  In addition, no 

one mentioned training or coursework as a source of their views.  Courses and training in good 

leadership practices would appear to be a good investment. 
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Until there is further research, it is not possible to know how these images of leaders and 

leadership compare with those held by others. Government officials, for example, may not 

place as strong an emphasis on nonhierarchical relationships, facilitation, teamwork, and 

capacity-building. But there also may be areas of overlap.   Knowing the differences and 

similarities would foretell whether the views held by these current and future INGO 

leaders will lead to on-going clashes in views; or whether, on the other hand, there are 

enough points of convergence that they will be, as elsewhere, catalysts for a continuing 

evolution in ideas about effective public leadership in Cambodia. 
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APPENDIX 

Interview Questions and Probes 

 

1. ‘Leader’  

What do you think it means to be a ‘leader’? (Possible probes: What distinguishes a 

formal or informal leader from other another person? Many people may be accepted 

and/or respected, but does that make them leaders? What is it that makes a person a 

leader?) 

 

2. Effectiveness 

a. In your opinion, what is most important for a local leader to be effective? (Possible 

probe: These can be personal qualities, skills or behaviors, or something else.)  

 

3. Challenges  

What do you think is most challenging about being a local leader? (Possible probes: 

Please share what you find most challenging about being in a leadership role at the local 

level. What do you think turns people away from wanting to be a local leader?) 

 

4. Learning and Role Models  

 

Who are your most important role models in leadership, and why was each important?  

(Possible probe: A little about why each has been important.) 

 

5. Mistakes 

What do you think are the biggest mistakes made by people who want to be local leaders, 

and what makes those mistakes important? (Possible probes: ‘Mistakes’ refers to actions 

that cause someone not to be successful, or even does harm to their organizations and 

communities. Examples without naming individuals, if possible.) 

 

6. Suggestions 

What suggestions can you give to help to help local leaders make positive differences on 

behalf of their organizations and their communities? (Possible probes: This could include 

a wide range of things, but what is most important? May help to picture a meeting or 

conference of present or future local leaders who have asked for advice on the most 

important things for them to do to be successful. Please provide as many suggestions, 

guides and examples as possible.) 
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Abstract 

This article reviews two books on value chain research against the background 

of the outcome document from the Third International Conference on 

Financing for Development (FFD3) convened by the United Nations in 2015. 

The books – compilations of papers on Value Chains, Social Inclusion and 

Economic Development: Contrasting Theories and Realities (Helmsing and 

Vellema, 2011) and Markets and Rural Poverty: Upgrading in Value Chains 

(Mitchell and Coles, 2011) – and the FFD3 document all share similar themes 

on the pursuit of economic development in an environmentally sustainable and 

socially just manner. However, most contributions in both books as well as the 

FFD3 process stop short of acknowledging the influence of political economy 

on their debates, which this review argues must be incorporated to better 

understand the asymmetries of power distribution. This is crucial in order to 

formulate clear strategies that can adequately address development issues 

pertinent to developing regions such as Southeast Asia. 

I. Introduction 

The Sustainable Development Goals (SDGs), an ambitious development agenda to replace 

the Millennium Development Goals (MDGs), are well underway globally after being 

formally adopted by the United Nations General Assembly in September 2015. The 

success of the SDGs hinges on an event held earlier in the same year, where governments, 

intergovernmental institutions, the private sector, and civil society gathered at the Third 

International Conference on Financing for Development (FFD3) in Addis Ababa to 

discuss how to mobilise resources for sustainable development. The FFD3 was the first of 

three major international summits in 2015 and its outcome document, the Addis Ababa 

Action Agenda (AAAA), set the momentum for all countries towards sustainable 

development.  
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The AAAA captures the ambitions of the post-2015 agenda to “end poverty and hunger, 

and to achieve sustainable development in its three dimensions through promoting 

inclusive economic growth, protecting the environment, and promoting social inclusion.” 

(United Nations, 2015a: p. 1). These are not new issues. The two books reviewed here – 

Value Chains, Social Inclusion and Economic Development: Contrasting Theories and 

Realities, edited by Helmsing and Vellema (2011; henceforth Value Chains); and Markets 

and Rural Poverty: Upgrading in Value Chains, edited by Mitchell and Coles (2011; 

henceforth Markets) – highlight similar emphases on poverty eradication, environmental 

protection, gender equality and equitable growth. Markets and Value Chains are incisive 

and erudite contributions about lessons learnt during the period under the MDGs. They are 

extremely relevant in the context of current debates about equitable forms of 

socioeconomic development. The books present nuanced analyses of development 

initiatives at the micro level, and it is timely to revisit them amidst a recent focus on large 

infrastructural investments by China and proposed cuts to the foreign aid budget in the 

United States. Particularly, the books capture the contestations between the state, 

businesses and society on the ground, and how business can alleviate or perpetuate 

poverty. 

II. Bridging Business and Society 

At the FFD3, the contestations between different stakeholders were notable. New roles for 

the business community, and especially transnational corporations (TNCs), in the 

development agenda were disputed by civil society as unfair and non-inclusive, while 

developed and developing states had differing notions of sustainable growth and social 

equity. Adding to this mix were international development institutions with a range of 

objectives that could align with the causes of either stakeholder.  

The United Nations lauded the AAAA for spearheading an enhanced global partnership 

that overhauls global finance practices and cooperates on various issues including 

technology, science, innovation, trade and capacity building (United Nations, 2015b). The 

International Business Forum, held in conjunction with the FFD3, affirmed the shift in 

development cooperation, from traditional forms of aid by developed nations and 

international aid agencies towards public-private partnerships (PPPs) and the concept of 
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‘blended finance’ (Business Sector Steering Committee, 2015).1 The UN estimated that 

the SDGs will increase the need for development finance from millions to trillions of 

dollars, hence the need to tap into different resource streams to meet the goals. ‘Business 

for 2030’, an initiative of the United States Council for International Business praised the 

AAAA for unlocking new finances through private sector engagement among other 

recommendations, hailing the “tremendous opportunity for the private sector” (Business 

for 2030, 2015). 

Conversely, civil society organisations (CSOs) released a strongly worded response to the 

AAAA (Civil Society Forum, 2015a, b). They accused the FFD3 of shifting the 

responsibility of financing development from developed countries to private finance 

(which increasingly includes foreign state-owned enterprises especially from China), 

while other means to mobilise resources such as creating a new intergovernmental UN tax 

body to address illicit outflows and tax evasion in developing countries were overruled. 

Developing countries grudgingly endorsed commitments to rationalise fossil-fuel 

subsidies and restructure taxation to widen tax bases, both of which were pro-business 

policies to create an ‘enabling environment’. This reflected the disparity between 

developed and developing countries at the negotiation table, and confirms the unequal 

power relations that continue to protect international finance and trade (Nardi, 2015).2  

The CSOs disagreed with the AAAA’s uncritical endorsement of international trade to 

drive inclusive growth and poverty reduction, with no commitment to safeguard state 

capacity to regulate in the interests of its people and environment. This is a valid concern. 

According to the United Nations Conference on Trade and Development (UNCTAD), 

with more than 3,400 agreements in their International Investment Agreements database, 

129 countries are currently embroiled in court cases with TNCs under the investor-state 

                                                        
1 Blended finance is a concept inspired by ReDesigning Development Finance, a joint global 

project between the World Economic Forum and the Organisation for Economic Co-operation 

and Development, Development Assistance Committee (OECD-DAC). It aims to use public 

funds to attract private capital from capital markets, institutional investors and business, in order 

to harness investor, development and philanthropic resources for investments that drive 

development in emerging and frontier markets (Cann, 2014). 
2 For points of contention between developed and developing countries at the FFD3, see closing 

statement of the Group of 77 and China 

(http://www.g77.org/statement/getstatement.php?id=150716). 

http://www.g77.org/statement/getstatement.php?id=150716


Pui Yi Wong and Edmund Terence Gomez 

 

32 

 

dispute settlement clauses in trade agreements.3  The CSOs also cautioned against the 

enhanced role of the private sector, in PPPs and blended financing instruments, without an 

equally strong emphasis on the developmental role of the state.4 One major critique was 

that the private sector will receive international public finance including Official 

Development Assistance (ODA) through PPPs but are not subjected to the conventions 

that states are bound to. The AAAA failed to endorse commitments to ensure the 

accountability of the corporate sector and multilateral development banks based on 

international human rights and environmental standards. Also absent is a sufficiently 

strong recognition of social partners, workers and employers organisations, as equal 

players towards sustainable development. 

The tensions in the FFD3 process reflect deep-cutting cleavages between business and 

society among development practitioners. Major development organisations such as the 

World Bank have adopted the value chain approach, especially the global value chain 

(GVC) and global production network (GPN) frameworks, to structure pro-poor, market-

led development interventions. The GVC literature believes that if local producers are 

inserted into global value chains, the gains of globalisation can be spread out to reduce 

economic disparities (see, for example, Altenburg, 2007; Gereffi, 2014b). In the same 

vein, the AAAA is optimistic about the positive spill overs from foreign direct investment 

on development and encourages states to facilitate the integration of local enterprises, 

especially micro, small and medium-sized enterprises, into regional and global value 

chains. In contrast, CSOs have started a movement called the social and solidarity 

economy (SSE) movement which focuses on developing local businesses with 

community-sourced, locally-owned and self-managed cooperative financial institutions. 

SSE emerged out of heterodox beliefs that resist neoliberal globalisation strategies and 

advocate an environmentally sustainable “alternative to capitalism and other authoritarian, 

state-dominated economic systems” (Quiñones, 2015: p. 7). 

                                                        
3 For more on International Investment Agreements, see the UNCTAD  documentation 

http://unctad.org/en/pages/DIAE/International%20Investment%20Agreements%20%28IIA%29/II

A-Tools.aspx. There have been a total of 817 known ISDS cases as of July 2017 based on 

UNCTAD data (http://investmentpolicyhub.unctad.org/ISDS). 
4 For studies on the weaknesses of PPPs, see Chonghaile (2015) and Romero (2015). 

http://unctad.org/en/pages/DIAE/International%20Investment%20Agreements%20%28IIA%29/IIA-Tools.aspx
http://unctad.org/en/pages/DIAE/International%20Investment%20Agreements%20%28IIA%29/IIA-Tools.aspx
http://investmentpolicyhub.unctad.org/ISDS
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In academia, these multi-stakeholder challenges prevail. The conflicting interests of actors 

are particularly well-captured in value chain research that examines the impact of global 

value chain participation on local communities. This is apparent in the in-depth case 

studies of both books, Markets and Value Chains. This review draws vital lessons from 

the studies because, in spite of the MDGs, hard-core poverty persists including among 

communities that have been participating in global value chains. The concerns of the 

CSOs are legitimate and this highlights the intricate problem of conceiving a model of 

development that is seen as just and effective by all segments of society. 

A core issue that stands at the centre of these debates on linking transnational value chains 

and small local firms is the role of the state. The positions taken by the AAAA clearly 

reveal enduring neoliberalism, an ideology based on the free functioning of markets and 

trade liberalisation which keeps the state small and places power disproportionately in the 

hands of large businesses. The emphasis on creating ‘enabling environments’ remains 

narrowly defined by business interests. This review does not delve into the pros and cons 

of neoliberalism as those have been extensively discussed, but seeks to draw attention to 

the need for the field of development and the GVC discourse to acknowledge the impact 

of political economy on development and to integrate it in their analyses.  

In order to examine the effectiveness of development strategies, value chain analyses must 

consider where power lies, not only within the chains but in a whole business system. 

Power asymmetries explain why local enterprises and workers continue to be mired in 

poverty although they have long established links to TNC-led global value chains. This 

examination of power is inevitably linked to the nature of the state, which is dependent on 

whether the state pursues a neoliberal or developmentalist model. This review focuses on 

only these two models of development, neoliberalism because of its global reach and the 

developmental state (or more broadly developmentalism) because it is one of the most 

robust concepts that has emerged to counter neoliberalism. Developmentalism and 

neoliberalism are “two of the most influential (political) economic paradigms of our time” 

(K.-S. Chang et al., 2012: p. 5). International development has in fact debated the role of 

the state in promoting economic growth since the 1960s (Fritz and Menocal, 2007) and the 

conversation must continue. 
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To further this argument, this review dissects the rich data in the books. The following 

section briefly discusses development models and the fast-developing literature on global 

value chains. Next, this article draws attention to the contributions of both books in 

expanding the GVC framework, and also highlights the gaps in the books’ analyses. 

Finally, the conclusion argues for the merits of contextualising chain studies with national 

development strategies by the state. 

III. From the Washington Consensus to Global Value Chains 

Over the 1970s and 1980s, neoliberal market-based explanations of export-oriented 

development, economic openness and small government occupied mainstream economic 

discourse (Balassa, 1971). This dominant ideological doctrine challenged the statist 

approach of the 1950s and 1960s and pushed for widespread adoption of free market 

policies with a strong belief in the efficiency of competition. Major state-owned assets 

were privatised globally to cut public debt and shrink the role of the incompetent state. A 

list of policies were encapsulated as the ‘Washington Consensus’ and advocated 

worldwide by influential international financial institutions (IFIs) such as the World Bank 

and the International Monetary Fund (IMF). 

Policies advanced by the IFIs catalysed globalisation by deregulating economic sectors 

and labour, liberating finance, eliminating trade barriers, increasing foreign direct 

investments, and empowering the outsourcing of business activities. Dicken (1992) 

differentiates ‘globalisation’, a functional integration of internationally dispersed 

activities, from the earlier ‘internationalisation’ which saw the geographic spread of 

economic activities across national boundaries. Globalisation is characterised by tighter 

coordination between multinational ‘lead firms’ and local suppliers leading to increasing 

trade in intermediate products. Retailers and brand merchandisers with little or no internal 

production flourished while manufacturing firms began to outsource production to 

contract manufacturers in developing countries (Sturgeon 2009). In this environment, the 

roles of states were only to maintain trade openness and implement ‘horizontal’ policies 

that were not sector-specific.  

But a series of case studies on the East Asian economies of Japan, South Korea, and 

Taiwan emerged to challenge the neoclassical free trade and the neo-utilitarian limited 
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state. Their unprecedented economic growth and entry into global production and 

international trade, with steadily decreasing rates of poverty, stimulated a barrage of 

research to answer two key questions. Firstly, what factors can best explain this rapid 

industrialisation? Secondly, how did East Asian companies upgrade and improve their 

relative positions in the international division of labour (Gereffi and Wyman, 1990; Wade, 

1990; Evans, 1995; Sturgeon, 2009)?  

To answer these questions, scholars argued that the growth of East Asia was in fact 

spurred by state-led industrialisation (Johnson, 1982; Amsden, 1989; Wade, 1990; Evans, 

1995). The developmental states had ‘embedded autonomy’ (Evans, 1995) to implement 

industrial policies, cultivating domestic enterprises by ‘getting prices wrong’ (Amsden, 

1989), ‘governing the market’ (Wade, 1990), while also pursuing export-oriented policies 

which enabled home-grown enterprises to be well-positioned in the neoliberal global 

economy. ‘Developmentalism’ which underlies the economic models adopted by East 

Asian states became a broad concept to define ideas regarding the governance of strategic 

industrial and technological upgrading by the state within national boundaries, in 

collaboration with businesses (Thurbon, 2012).  

The mainstream development agenda reluctantly acknowledged the success of East Asia 

in the 1990s and began to recognise a more positive governmental role in the pursuit of 

economic development, turning to the notions of governance and institution building 

(World Bank, 1989, 1991). However, scholars observe that the World Bank’s definition of 

governance and good institutions were constituted in neoliberal, market-friendly terms 

(Leftwich, 1993; Kiely, 1998; H.-J. Chang, 2002; Fine, 2011).  

This polarised debate continued into the twenty-first century, informed by two major 

crises. During the Asian financial crisis in 1997, developing economies previously held up 

as successful developmental states (South Korea, Thailand and Indonesia) collapsed under 

debt, necessitating IMF bailouts which were given in exchange for instituting neoliberal 

reforms. Developmental states were heavily criticised and the crisis appeared to cement 

neoliberalism as the dominant development model. In 2008 the second financial meltdown 

occurred, this time in developed economies. The crisis was largely attributed to 

unregulated debt-financing in the neoliberal economy (Fine, 2011; Yeung, 2014). 
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Consequently, institutions that were once strong proponents of neoliberal macroeconomic 

policy prescriptions began searching for a new growth strategy.  

At the height of the popularity of the developmental state literature, a separate field of 

study pursued parallel efforts to understand economic growth, but with a focus on the 

global organisation of industries instead of the domestic economy. The work on GVCs 

strove to examine how to improve the positions of regions, countries, localities and 

enterprises in the global economy (Gereffi, 2014b; Neilson, 2014). As globalisation 

rendered country-level trade statistics insufficient to explain and predict the changes in 

production and trade, there was a need for better measurement of value creation. The 

multidisciplinary effort to meet this need resulted in methodologies and theories built 

surrounding the network required to deliver a product or service from its conception to 

markets, including design, sourcing of inputs, manufacturing, assembly, marketing, and so 

forth. Sakuda and Afonso (2012) compiled a list of 15 concepts used in international 

business and studies to refer to this overall network, including international production 

networks, international strategic alliances and global supply chains, with minor 

differences in the way they are conceptualised or the themes that they address. This paper 

will focus on the GVC and GPN approaches and refer to the linkages as value chains.  

The GVC framework was expanded from the global commodity chain (GCC) framework 

by Gereffi and Korzeniewicz (1994) that centred on producer-driven and buyer-driven 

commodity chains. Although GCC/GVC analysis consists of four top-down dimensions 

(input-output analysis, geographical structure, governance, and institutional framework) 

and one bottom-up component (upgrading) as outlined by Gereffi and Fernandez-Stark 

(2011), only the concepts of ‘governance’ and ‘upgrading’ have been focused on. Thus, 

the GPN literature emerged as a critique to the GVC and strived to incorporate wider 

institutional actors in its analyses based on the concept of ‘strategic coupling’ between 

actors. Another initiative is ‘Capturing the Gains’ which emphasises social and 

environmental upgrading. Besides these major strands of work on value chains, numerous 

other university-based centres, international donor organisations and research platforms 
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undertake research on relational linkages in a variety of sectors (see UNIDO, 2009; 

Gereffi, 2014a).5 

The GVC framework’s heuristic nature and policy orientation catapulted the appeal of the 

chain metaphor in development studies in two directions, as a broad critical analysis on 

capitalism and as a technical guideline to address industry or development problems. The 

latter quickly grew in acclaim, picked up by IFIs and international development 

organisations eager for a new policy paradigm beyond the Washington Consensus, 

particularly a framework that promotes global trade openness. Handbooks or strategy 

papers on ‘value chain analysis’ or ‘value chain development’ mushroomed to meet 

different objectives, from industrial development to enterprise promotion, from creating 

decent work for the poor to addressing gender equality.6 The books reviewed here are part 

of a fast growing body of literature that expands the GVC approach to incorporate social 

objectives to market-oriented development interventions.  

However, the practical application of the GVC framework has diverged from academic 

thinking. In a study on Indonesia, Neilson (2014) critiqued development practitioners for 

selectively interpreting the GVC ideas to reinforce their commitments to neoliberalism 

and a market-driven paradigm, thereby enhancing the penetration and dominance of TNCs 

into local economies and the lives of the poor. GVC studies also tend to under-emphasise 

the role of the state. This could be due to the influence of the world systems approach on 

the GVC literature, which assumes that “class relations and character of the state are 

consequences and not determinants of position in the international division of labour” 

(Evans, 1995: p. 252). 

Neilson urged the need to refocus chain interventions based on the framework back to its 

key tenets including the “institutional settings of the chain and the developmental role of 

the state; processes of establishing and exerting power throughout the chain; and a concern 

for global-scale processes that shape processes of inclusion and exclusion for states, 

                                                        
5 Research on the GVC approach is led by the Global Value Chains Initiative (GVCI) under the 

Center on Globalization, Governance and Competitiveness (CGGC) at Duke University, while 

the Global Production Networks Center at the National University of Singapore spearheads GPN 

research. 
6 See Gereffi (2014b) and Neilson (2014) for lists of the value chain handbooks. 
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communities, and individuals” (Neilson, 2014: p. 60). Likewise, key GVC scholar Gereffi 

concurred that the GVC literature is “rooted in assumptions that are highly critical of the 

neoliberal paradigm” (Gereffi, 2014b: p. 501). The framework challenges the mainstream 

view of development by highlighting the need to analyse power dynamics in global 

industries as embodied in the relationships between lead firms or global institutions and 

local communities. Indeed, another prominent GVC scholar Sturgeon asserts that the 

Washington Consensus policies for macroeconomic stability and economic liberalisation 

cannot address the concerns of workers, communities, and industries that participate in or 

want to enter global value chains (Sturgeon 2009).  

This review complements these ideas. The pervasiveness of neoliberal narratives creates 

an urgent need for development scholars to study development models alongside value 

chains. Placing value chain analyses in the context of development models can provide 

perspectives on the structural factors that lead to the persistence of poverty and social 

exclusion along value chains. Likewise, the nuanced findings of a rigorous chain analysis 

can present valuable empirical evidence to strengthen the conceptualisation of the models 

of development. The following section will present this argument based on the case 

studies in the books. Crucially, the case studies show that often, neoliberalism and 

developmentalism do not replace one another but interact within a mixed model in 

complex ways. 

IV. Power Distribution in Value Chains and the Model of Development 

Markets is essentially a practical guide based on ideas developed from Kaplinsky and 

Morris (2001) as well as empirical evidence from action research projects in Southeast 

Asia, South Asia and Africa to examine the distribution of value across production chains 

and explore whether poor rural producers, through upgrading, can engage the market, 

reduce poverty and bring benefits to women without damaging the environment. The key 

aims of the projects included developing well-established, globally-traded products 

wanted by lead firms (India, Vietnam and Senegal), increasing revenues for products sold 

in domestic markets (Nepal/India and Philippines), and commercialising subsistence food 

crops (Tanzania and Mali). 
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The GVC framework categorises upgrading into process, product, functional, and inter-

chain upgrading (Humphrey and Schmitz, 2002). These strategies are limited when it 

comes to a rural and subsistence household in a developing country, hence the authors 

constructed a conceptual framework that emphasised horizontal coordination among 

actors with similar functions, as well as vertical coordination between upstream and 

downstream actors. Upgrading is thus broadened to include any “desirable change in 

participation that increases rewards and/or reduces exposure to risk” (Mitchell et al., 2011: 

p. 24), in terms of finance as well as poverty, gender and environment. The projects in 

India, Vietnam, Nepal and the Philippines reported successful outcomes such as higher 

incomes, better market prices, increased outputs and improved processes due to effective 

upgrading and negotiation for longer contracts between actors.  

Nevertheless, Markets conceded that dealing with value chain inclusion as a management 

or competency issue downplays the asymmetrical relations in value chains. Small 

producers have little influence over key risk factors and there is a need to take into account 

the highly asymmetrical power relations especially in agro-food value chains. In the 

assessment of the implications of upgrading, the authors considered the full range of 

livelihood activities and external networks that participants depend on. However, these 

baseline conditions of the communities did not provide sufficient information on the 

institutional and economic frameworks that influence the value chains.  

Markets also operationalised the GVC concept of governance, categorised by Kaplinsky 

and Morris (2001) as legislative (setting the rules), judicial (implementing the rules) and 

executive (enabling others to follow the rules) governance. Governance refers to the 

“authority and power relationships that determine how financial, material and human 

resources are allocated and flow within a chain” (Gereffi and Korzeniewicz, 1994: p. 97). 

These power relations are inherently dependent on whether the chain touches the ground 

within a neoliberal or developmental state. While neoliberal policies such as privatisation 

and trade liberalisation tend to place decision-making power disproportionately in the 

hands of businesses, the developmental state subscribed to resource allocation through 

state policy planning (Weiss, 1998). Pragmatically, most countries sit on a continuum 

between the two extremes, and in more ideal cases, power is balanced between not only 

public and business sectors but also with CSOs, communities and other special interest 
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groups. The nature of the state, national development policies, institutions and the 

consequent power balance will ultimately impact the integration of the poor into viable 

value chains. 

Value Chains captured the embeddedness of value chains well. The book examined how 

the outcomes of integrating smallholders, producers, and workers into global value chains 

is conditional on historical contexts, local development processes and socioeconomic 

relationships. The chapters were divided amongst three sections and employ frameworks 

from different disciplines, such as business studies and political science, to ask theory-

driven questions about value chains in Southeast Asia, Latin America, and Sub-Saharan 

Africa. Part One of the book challenged the assumption that insertion into global value 

chains is beneficial for poor communities and explored theories that can unpeg the terms 

of participation of these actors in value chains. Part Two used the GPN approach and 

business systems theory to study the alignment of value chains with local non-chain 

actors, i.e. state agencies, NGOs and local institutions. Part Three examined partnerships 

to facilitate smallholder inclusion, which is an important area of research with the 

expanding popularity of PPPs in development. However, despite considering local 

business systems in selected chapters, Value Chains also did not actively engage with 

models of development. The following sub-sections will discuss the various insights 

drawn from the case studies in the books.  

1. Dealing with the Role of the State 

Markets noted a global policy shift from the Washington Consensus approach towards a 

“state intervention approach of ‘new development economics’ and the post-Washington 

Consensus” (p. 15). The agricultural sector is seeing a shift from generating supply-side 

responses based on free market prices to a more targeted approach to create sustainable 

ties between producers and buyers, assisted by the government. However instead of 

elaborating on this ‘new development economics’ and showing how the state can 

spearhead value chain development, the authors relegated the state to a supporting role. 

Markets largely attributed the lack of success in Senegal, Tanzania and Mali to 

technicalities, such as the weak capacity of the implementing team. The research in 

Senegal’s octopus industry was plagued by poor baseline analysis, planning, 
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implementation and monitoring, leading to inaccurate figures and inability to design an 

effective project to overcome constraints on rural livelihoods and measure its impact. The 

cassava project in Tanzania failed to create a new marketing and processing model 

because the academic team was inexperienced with value chain upgrading and engaging 

private sector buyers. In Mali’s fonio project, a lack of data on household livelihood 

outcomes affected the measurement of project outcomes, while weak market analysis led 

to decreased average profit as more women took part in the project but the volumes sold 

did not increase concurrently. Without taking into account the model of development, 

Markets ended up downplaying the importance of state action in the successes of 

developmental Southeast and South Asia (namely Vietnam, the Philippines, India, and 

Nepal), and overlooking the glaring absence of the state in the more neoliberal Africa, 

namely Mali, Tanzania and Senegal. 

A large portion of the chapter on governance in Markets focused on the need for NGOs 

and communities to overcome state failure, with consistent negativity towards the 

government. Nepal’s regulatory regime aimed at protecting resources and communities 

from exploitation but ended up limiting the collection and marketing of bay leaves and 

dictating who benefits from chain activities; India’s tax system hindered smallholder 

production of incense sticks; while regulations such as roadblocks which were meant to 

prevent illicit smuggling created avenues for corruption in both countries. A badly planned 

One-Town-One-Product in the Philippines met with problems when the chosen product 

was not price competitive in major domestic markets for five months in a year. The 

Vietnam government created standards for fish farmers without proper public 

consultations and no price incentive to encourage adherence. Also, a ban in Tanzania of 

cassava exports contributed to food price hike, while conversely, Senegal’s absent state 

failed to regulate the exploitation of common resources such as fisheries.  

These are important observations on the limitations of state action. But a closer 

examination will reveal that the cases in Markets show that the participation of the state is 

essential for poverty eradication. Community-based collective action is more difficult 

where the state has completely withdrawn; value chain interventions are clearly more 

effective in developmental states as compared to neoliberal ones. The most striking impact 

on poverty among the action research projects occurred when government overturned bans 
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on low income collectors accessing natural resources in Nepal and India. An over-zealous 

regulatory state in Nepal and India proved more effective than an absentee state in 

Senegal, albeit with the need for intense lobbying and engagement. Besides that, the state 

in the Philippines assisted with building roads and processing plants, and the Vietnamese 

state provided tax concessions. Even the underperforming Malian state provided better 

fonio seeds and Tanzanian state contributed high yielding cassava for farmers. 

Value Chains is likewise constrained in its conceptualisation of the state. An important 

contribution of the book is that globalisation does not erase the specificities of institutions, 

culture and industry. Business systems describe how firm-market relationships develop 

interdependently with dominant social institutions embedded in territorial societies. The 

approach is used to explain the differences in economic organisation across Asia in the 

nature of the state, state-business relationships and the firm (Whitley, 1999), themes that 

also emerge in development models. However, despite adopting a useful analytical tool 

and declaring that “the state plays a dominant role in defining the institutions governing 

global production networks” (Helmsing and Vellema 2011: 12), the book qualified the 

role of states in limited terms such as public regulation as well as providing legitimacy and 

support to the private sector.  

There were three different views of state action among the chapters in Value Chains. Most 

chapters indicated that state intervention was a hindrance while others were descriptive 

and indifferent about the role of the state despite clear opportunities to discuss its role in 

development. Only one chapter in Value Chains acknowledged the importance of the 

state. Monnereau and Helmsing’s historical analysis of lobster chains in Belize, Jamaica 

and Nicaragua showed that state intervention in the institutional set-up of the industry 

affected the position of fishers. In their analysis of the 2008 economic crisis and its 

consequences, even when all three countries did not provide additional assistance to the 

fishers, the Belize government’s pro-development organisation of locally-owned 

cooperatives for processing and exports effectively protected small scale fishers, more so 

than the reliance on foreign companies in neoliberal Nicaragua and the mixed-model 

Jamaica. State involvement had created a more equitable distribution of resources which 

buffered the impact of the crisis.  
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Drawing from the literature on the developmentalist model would have allowed the 

authors to explore the possibilities on the role of the state and provide more clarity in 

policy recommendations. After all, even market-oriented policies are advanced through 

the state (Weiss, 1998). The manner in which the state adapts and responds to changes in 

international and domestic dynamics renders it an indispensable unit of analysis when 

studying economies even in the advent of globalisation. The books clearly expressed 

caution in advocating state action, while promoting market-driven governance by lead 

firms without similarly critical analysis (except in Pegler et al.’s chapter). They end up 

with varying conceptualisations of the role of the state, occasionally acknowledging its 

crucial role while focusing only on its failures. Consequently, state-driven development 

was underexplored. 

2. The Impact of Neoliberalism 

Markets admitted that governance by the state can include the active promotion of specific 

value chains or provision of support for marginalised groups or regions to participate in 

economic activity. Nevertheless the authors express apprehension as many states that 

consider themselves as developmental ended up implementing bad policies with 

regressive socio-economic impacts. In the book, the role of the state was rightly cautioned. 

Importantly, the implications of neoliberalism should have been similarly addressed. 

Instead, the discrepancies in research output between the Asian and the Sub-Saharan 

African cases were attributed to operational factors. The authors noted that many business 

development services providers in rural Africa were inefficient particularly for agriculture. 

The examination of the models of development in Mali, Tanzania and Senegal could 

provide insights on why the projects failed to generate better incomes or prices for the 

farmers and fishers. The studies would have been enriched by the analyses of the retreat of 

the states under structural adjustment policies, which would explain the weak support 

system that leaves African producers more vulnerable. For example, the gap left by the 

Senegalese state in the fisheries sector led to uncontrolled expansion of fishing efforts and 

the creation of a monopsony where all fishers and traders sell to one processing and 

exporting plant. 
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The chapter by Ruben and Verkaart in Value Chains provided an overview of the negative 

implications of neoliberalism but unfortunately they did not relate these to their findings. 

The authors compared the impact of coffee standards on producers in Tanzania and 

Uganda. Structural adjustment reforms in the late 1980s saw the closure of marketing 

boards, the abolishment of the International Coffee Agreement where producer countries 

agreed to control supply to stabilise coffee prices, and increasing volatility of prices. 

Power became concentrated at the marketing and processing stages, in monopolies by 

large processors, leading to a fall in producers’ incomes. In 2001, the top ten firms 

controlled seventy percent of sales in Uganda. However, producers in Uganda were found 

to achieve better prices through Utz-Certified quality upgrades, compared to Tanzania’s 

vertically integrated exporters, cooperative unions and state-controlled auctions, which 

were unable to generate attractive price margins for Fair Trade certified coffee. The 

authors concluded that the free market environment in Uganda was more favourable than 

in Tanzania, instead of probing deeper into the consequences of neoliberalisation. 

Likewise, Laven’s study on cocoa observed that neoliberalisation in Cameroon and 

Nigeria severely impaired producers while the Ghanaian state’s partial liberalisation 

managed to mitigate risk for producers and international buyers. She created a robust 

framework that integrated value chain coordination and state-market coordination. 

However the state was seen as a stumbling block to the vertical coordination and greening 

of global cocoa chains. Laven viewed further liberalisation as advantageous, instead of 

more engagement with the state which was proven effective in Markets’ cases on India 

and Nepal. Both books stopped short of critically evaluating the impact of 

neoliberalisation, as Markets also called for India and Nepal to liberalise without any 

further qualification. 

In a study of thirteen development partnerships, Bitzer et al. referenced the state briefly, 

stating possible future analysis on how state support can impact partnerships. The authors 

did engage different types of models of development, showing that a more equitable 

model, ‘Making Markets Work for the Poor’, led to higher involvement of NGOs and 

producer organisations, while embedded liberalism allowed lead firms to play a stronger 

role. However, the authors found that the facilitation of smallholder inclusion in value 

chains were rarely backed by governments but without probing why. A deeper inquiry will 
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reveal that the places studied such as Peru, South Africa, West Africa and sub-Saharan 

Africa all underwent heavy neoliberal restructuring. 

3. Globalisation or Localisation? 

In line with proponents of globalisation, Yeung (2014) critiqued the use of the state as a 

central analytic focus as it does not allow for bottom up firm-level perspectives. He argued 

that inter-firm dynamics that articulate domestic firms into global production networks are 

more crucial than developmental state-led industrial policies. When comparing state and 

lead firm interventions in Value Chains, Oosterveer et al. found that value chains 

vertically controlled by lead firms appear more likely to successfully upgrade, a point that 

Markets supports. They examined the role of domestic institutions and global value chains 

respectively in the greening of agro-food chains. In Vietnam, weak government 

enforcement and poor linkages with global value chains provided no incentive to stop 

using dangerous pesticides in agriculture. The Thai fisheries sector managed to switch to 

sustainable practices with support from the state and large domestic processing and export 

plants, while the Benin organic cotton industry stayed afloat through the backing of a local 

NGO and marketing organised through transnational NGOs after state agencies withdrew 

due to structural adjustment reforms. The authors concluded that pressure from global 

chains were more effective at greening agro-food chains.  

Similarly, Muradian et al. found that lead firms were more effective than other actors at 

aligning market and socio-cultural dynamics to create viable chains. The demand-driven 

development of perfume from plant essence in Ecuador was successful and even reached 

export markets despite weak policy support as there was a high degree of coordination 

between the lead firm and producers in determining the product’s attributes and good 

marketing of the product. Conversely, a project with substantial state support to develop 

sauces in Colombia struggled to sustain its presence in the national market because of 

harvesting losses, logistical mismatch with buyers, and marketing challenges. State focus 

on supply capacity led to an over-dependency of producers, suggesting that the 

empowerment of the farmers is insufficient to generate economic outcomes. Yeung argues 

that industrial transformation of a country is no longer about state-led policy in specific 

industries and ‘picking winners’ but about ‘fixing network and opportunity failures’ 
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through ‘strategic coupling’ of domestic firms in global networks – what Gereffi (2014a) 

calls ‘GVC-oriented industrial policies’. 

However, in terms of the creation of enterprise opportunities for the most excluded in 

newly industrialising economies, in fact the rules of industrial policy for late 

industrialisation are still relevant. While participation in the international multilateral 

trading system is becoming inevitable with the proliferation of TNCs, Markets noted that 

it was local and regional chains that remain most relevant to poor producers. Interestingly, 

five of the seven projects in Markets involve products by secluded and rural communities 

that target domestic markets. In the case of the globally traded Pangasius catfish in 

Vietnam, small scale fish farmers managed to improve their earnings by abandoning the 

export chain and targeting domestic consumption by cultivating indigenous fishes, going 

against the assumption of neoliberal globalisation. While Value Chains showed that 

standards and certification (for ethical coffee or sustainable fisheries) provide 

opportunities for smallholders to insert themselves in global value chains, buyer-driven 

standards for Pangasius in Europe ended up excluding the most vulnerable producers. 

Export markets tend to be volatile with high barriers of entry, putting producers at higher 

risks.  

In Value Chains, Pegler et al. examined the organisation of workers in the Philippines 

(asparagus for Dole Food), Brazil (tomatoes for Unilever) and Pakistan (cotton for the 

country’s spinning mills). The authors conceptualise value chains in terms of the power 

over hiring, task delegation and remuneration. Linkages with transnational buyers did not 

guarantee labour rights, skills upgrading or better job opportunities as commonly 

advocated, but rather resulted in weakened bargaining power of workers through de-

skilling, contracting of labour management to small-scale growers, or co-optation of 

workers to reduce unionisation risks without guarantee of better labour standards. These 

‘free’ labour markets also tend to tie particular groups to labour intensive, lowly paid jobs 

especially women, children and migrants, creating segmentation of the labour force. 

The cases show how neoliberal globalisation facilitates the accumulation of immense 

wealth by lead firms along with the power to dictate terms of participation. Pegler et al. 

observe that work on the social structures of accumulation uncovered ‘spatialisation’ as a 
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new form of labour control in the 1970s where employers can threaten to relocate if 

challenged. Most temporary work for tomato pickers in Brazil will be lost if Unilever 

takes up the suggestion to mechanise field cleaning and picking, another measure for 

labour disciplining. In domestic value chain development or where lead firms are 

exploitative, the role of the state becomes significant. Even in the case of chain upgrading 

by lead firms, Oosterveer et al. reported that producers saw better outcomes when there 

was active engagement with the state. 

4. Power Distribution among Multi-stakeholders in Models of Development 

The books are generally market-oriented and have a favourable view of liberalisation and 

participation in global markets. However further analyses of development models would 

enable the authors to apply to neoliberalism the same critical lens that they accord to state 

intervention. Where the state takes on an arm’s length role, value chain forces are 

expected to become more powerful. But while global value chain insertion holds potential 

for growth, producers risk exploitation if their positions are marginalised from the point of 

entry. Considering models of development will also enable the authors to envision a larger 

and more positive role for the state in driving inclusive policies without losing the critical 

perspective.  

Analysing the nature of the state and the dynamics between neoliberal and developmental 

policies allows the examination of how power is distributed in a development model and 

how these impacts the inclusion of poor producers into value chains. The studies reveal 

the complexities on the ground where development models are often fluid. In the study by 

Muradian et al., both Ecuador and Colombia had undergone structural adjustment but the 

Colombian state was still actively promoting its bio-trade industry. But the chapter’s 

framework from five theories (GVC, GPN, systems of innovation, convention theory, 

actor network theory) did not grapple with this question. The consequences of structural 

adjustment on the socialist Vietnamese state could have also provided insights on the 

state’s role in value chain interventions in both books. 

The examination of models can enrich value chain analysis. Likewise, case studies can 

contribute to the development state literature. Both books provided cause for concern in 

advocating the power of the state to develop. Laven put forward that developing countries 
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have limited state capacity to drive pro-poor agricultural development especially in Africa, 

and the state is often not a neutral enabler as it represents the interests of certain groups, 

classes or sectors; the vested interests of politicians loom large. The developmental state 

literature also points to the rise of corruption and rent-seeking with growing state 

intervention in East Asian economies. This leads to the question of which model of 

development or actor can best support poor producers without perpetuating power 

asymmetries. 

Markets’ main objective was to show that the rural poor, with support, can be active 

economic agents by working together, organising community-based management of 

natural resources and upgrading to produce better products. But with whose support? The 

various authors highlighted that chain relationships are highly competitive, even 

conflicting. Producer upgrading requires political pressure on organisations, firms, 

regulators and others to mobilise resources, which is often beyond the capacity of small 

producers. A compelling case for a strong role of the state in poverty alleviation was 

presented by Studwell (2013). In his study on the East Asia, he argued that the countries 

addressed widespread poverty by carrying out land reform and adopting labour intensive 

household farming as their agricultural policy. In Value Chains, Bitzer et al. agree that 

smallholders dominate agricultural production in developing countries, and their yields per 

hectare exceed large plantations. The East Asian states further supported farmers with 

infrastructure development and the provision of business development services for inputs, 

storage, and sales.  

Alternatively, several studies in the two books revealed successful interventions that 

heavily involved NGOs. But NGOs have limited resources and logically work with 

communities more likely to succeed, thus leaving the weakest to fend for themselves 

(Studwell, 2013: p. 46). Markets also expressed concern that NGO support may cause the 

poor to be dependent. As for private sector interventions, although many studies in Value 

Chains suggested successful linkages with lead firms, Markets observed that the case 

studies of rural subsistence farmers showed little evidence of the private sector filling the 

gap in agricultural extension services. Also Monnereau and Helmsing, like Pegler et al., 

suggested that internationally-oriented industries are often highly segmented and 

inequitable. 
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Extending the concept of institutional complementarity by Hall and Soskice (2001) to 

partnerships, Bitzer et al. explained that complementarity deals with failures within the 

spheres of the state, the markets and civil society, whereas single actor solutions will 

always be inadequate. The bay leaf project in Markets showed that interest groups such as 

poor producers and buyers, retailers or TNCs can be brought together in agreement if they 

are transparently moderated by a neutral and respected entity, a role that states can play in 

collaboration with NGOs. The differing logics that underline states and private firms 

inevitably create divergent objectives. Partnerships must consist of continuous dialogue 

between states, firms and other organisations to achieve mutually beneficial outcomes and 

ensure a balanced the distribution of power, and this renders the state a key actor even 

amidst globalisation (Low and Tijaja, 2013). States are increasingly seen as one of the 

most important factors affecting development in the poorest countries, and the 

development field would do well to engage actively with it.  

V. Conclusions 

Both Markets and Value Chains did well to adapt the GVC framework to address poverty 

by focusing on small scale producers or workers, local and regional chains, and local 

institutions. While Markets paid attention to the capacity building of production and local 

trade governance structures, Value Chains explored the themes of terms of inclusion, 

endogenous development and partnerships. The case studies offered a unique window to 

examine critical issues that smallholders and workers face daily within developmental and 

neoliberal economic systems, as well as presenting valuable comparative perspectives 

across the developing regions of Southeast Asia, South Asia, Africa and Latin America. 

The issues of economic growth, market development, and upgrading which were covered 

are similar to those dealt with by the developmental state literature. The developmental 

state in its original context in Japan involved a highly productive social compact between 

the state, businesses and labour, and this is where lessons from industrialised East Asia, 

once comprising extremely poor countries, can prove useful. After all, the Japanese 

keiretsu, Korean chaebols and Taiwanese small and medium enterprises (SMEs) are 

examples of extremely different business systems operating under a developmental state 

model; all three systems involve ties between SMEs and big businesses directed by the 
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state. Similarly the case studies in both books indicated that a present state is more crucial 

for development than an absent state. 

Developmental and neoliberal paradigms provide important insights into power 

distribution at the global, national and local levels. Power asymmetries are not only 

inherent in development models or global value chains, but also in the FFD3 process and 

other multilateral negotiations. The SDGs can only be truly effective if they address the 

power asymmetries in economic governance, international trade and global financial that 

systemically perpetuate economic inequality and unjust social and environmental 

outcomes (Hujo and Koehler, 2015). The pervasiveness of neoliberalism and the 

implications of both models must be addressed, specifically when considering the type of 

development strategies that can adequately address persistent poverty and under-

development of rural industries.  

The books showed that both state-led and TNC-led development can be successful but 

there is an urgent need to ensure fair distribution of power in either strategy. However, 

without considering the effect of development models on value chain development, the 

books constrained their analyses with an inconsistent pessimism and distrust of state 

action, and an uncritical support of liberalisation. In the same vein, the AAAA’s reliance 

on the private sector to drive economic growth and the post-2015 goals is essentially a 

rehash of the privatisation policy, except that the government remains a partner instead 

selling the businesses (Glennie 2014). Without critically reviewing neoliberal policies and 

creating mechanisms to ensure fair power distribution between the partners and allow for 

checks and balances, the partnerships are at risk of privatising profits and socialising risks, 

as has happened with many privatised entities. Overcoming these inequalities will require 

difficult compromises from all actors, not only from the weakest ones. 

In the continuous search for developmental solutions, a historical perspective of value 

chains taking into account development models is important because there is currently no 

dominant model or new political ideologies that can inform economic development almost 

one decade since the 2008 crisis. Many streams of scholarship continue to develop, such 

as the nation-state-centred literature on the developmental state and business systems, the 

firm-centric varieties of capitalism, the sector-oriented GVC/GPNs and the community-
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based SSE. Developmental economics, which was once pronounced dead by neoliberals, 

is back on the table. Since statism and free markets have been ruled out, and both 

capitalism and socialism have inherent weaknesses, the focus is now on partnerships and 

the degree to which states and capital should help societies adjust to global economic 

changes (Fukuyama, 2012). Correspondingly, the narrative now among development 

practitioners is on improving livelihoods, not who delivers it. The key is to find a 

workable balance, a model that recognises power asymmetries and addresses it. 
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Abstract 

Rabies is an important cause of human mortalities, with human cases in the 

developing world being mainly due to spill-overs of the rabies virus from dogs as 

the natural reservoir; such a source has been largely eliminated in developed 

countries, where bats constitute a major residual source of spill-overs. In addition, 

bats would appear to be the reservoir for many, if not all, other members of the 

genus Lyssavirus in the Old World, some of which may spill over into humans on 

occassion. Where known, the rabies and related viruses are transmitted in the 

saliva of an infected animal to the muscles of a potential new host by biting; 

thereafter, the virus spreads into and within the central nervous system and 

thenceforth output targets (most especially the salivary glands) for further onward 

transmission; this is maximised in the case of ‘furious’ rabies, where the virus 

essentially commandeers the brain towards its own ends. After reviewing current 

knowledge regarding the diversity of recognised species within the genus 

Lyssavirus, the nature of typical rabies infections in terrestrial mammals is 

reviewed, together with evidence for atypical in vivo investigations, in the 

laboratory and in the wild. Thereafter, the riddle of the nature of the effects of 

natural and experimental infections of rabies and other lyssaviruses in bats is 

reviewed. Finally, given the assumption that lyssaviruses originated from spill-

over(s) of an ancestral rhabdovirus from insects into bats, consideration is given 

as to the enigma of how the sophisticated highly-derived cycle of the rabies virus 

in terrestrial mammals may have originated, and how this might also resolve the 

riddle presented by bats.  

  

  I. Introduction 

Rabies is a dreadful – and dreaded, for those in the know – disease, typically transmitted by 

bites from infected dogs (Schnell et al., 2010), being caused by the type species of the genus 

Lyssavirus (family Rhabdoviridae). Nevertheless, rabies is a largely underestimated disease 

(Hampson et al., 2015). Thus, globally, spill-overs from dogs kill more people than either 

yellow fever, dengue fever or Japanese encephalitis (Knobel et al., 2007); in Cambodia, there 

are an estimated 800 to 900 cases each year, as compared with the 56 human cases of avian 

flu over the eleven years up until 2014 (Amaro, 2016).    
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The rabies virus is the most lethal microbe known: death is virtually certain in those infected 

once the virus has invaded the central nervous system (Jackson, 2008, 2014; Hemachudha et 

al., 2013). Documentary evidence suggests that an association with infections from rabid 

dogs can be traced back to at least 4,000 years ago in Mesopotamia, together with reports in 

other early texts from India and China as well as, later, ancient Greece and Rome (Tarantola, 

2017). Tarantola (2017) has documented the various ‘cures’ which have been tried: until the 

development of a vaccination strategy by Louis Pasteur in the early 1880s, perhaps the most 

merciful was to smother the afflicted person with mattresses to alleviate (albeit terminally) 

the individual’s suffering. Post-exposure prophylaxis, the procedure which Pasteur pioneered, 

remains (with various refinements) the only method for pre-empting infection after being 

bitten by a dog or other animal which is rabid (Johnson et al., 2010). Much more effective is 

to remove the risk of such bites in the first place through active measures to control the 

circulation of the virus and related Lyssavirus spp. (at least some of which can also spill over 

into humans) in existing animal reservoirs (Knobel et al., 2013; Tarantola, 2017). 

Rhabdovirids are members of the order Mononegavirales: as such, their genetic material is a 

single-stranded negative-sense RNA molecule. The family would appear to have originated in 

arthropods (Dietzgen et al., 2012; Longdon et al., 2015) and today comprises a wide diversity 

of different genera, including some which circulate exclusively in arthropods and others 

which use these as vectors to cycle between plants or between vertebrates (Kuzmin et al., 

2009; Rupprecht et al., 2011). On the other hand, lyssaviruses are generally considered to be 

enzootic to mammals, possibly originating from an ancestral spill-over from insect prey 

which was able to adapt to and thereafter adopt early insectivorous mammals as their sole 

hosts (Badrane and Tordo, 2001; Longdon et al., 2015); alternatively, they may have been 

acquired from haematophagous arthropod vectors (Constantine, 2009).  

In targeting the nervous system, the rabies virus adopts a strategy which has similarities with 

that of ‘heirloom’ human herpes viruses. However, as will be considered further below, there 

are notable differences, the most prominent of which is that rabies takes over control of a 

significant portion of the central nervous system; in this way, it causes changes in behaviour 

which are most obvious in the case of ‘furious’ rabies where the virus may be transmitted in 

saliva to new hosts before the present one dies as a result of infection. This ‘active’ form of 

onward transmission contrasts with the passive ‘sit-and-wait’ strategy seen with latent 

infections of  sensory neurones by herpes-related viruses in humans, for example; and it 
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raises questions about how such a sophisticated, highly derived state could have evolved from 

a virus originally circulating in arthropods.  

The following sections will briefly review some aspects of the biology of lyssavirus 

infections, as a background to speculating how they might have evolved their present 

transmission strategy. Thus the diversity within the genus Lyssavirus will be considered first, 

followed by a review of salient features regarding infections in terrestrial mammals as the 

preliminary to a section considering the riddle of various aspects related to infections of 

rabies and other lyssaviruses in bats. Thereafter the final section will discuss the enigma of 

how the present-day highly derived state in bats and other mammals might possibly have 

evolved from what was originally an arthropod virus. 

II. The Genus Lyssavirus 

Rhabdovirids derive their family name from the characteristic bullet-shape of their virions in 

electron microscope studies: the nucleoprotein-associated single negative strand of RNA is 

enclosed within a proteinaceous capsid which is in turn enveloped by a membrane (derived 

from the host cell) which incorporates a viral glycoprotein responsible for mediating infection 

of another target cell after the virion has been shed (Schnell et al., 2010). Associated with the 

nucleocapsid are RNA-dependent RNA polymerase (RdRp) molecules, responsible for the 

initial transcription of positive RNA strands upon infection of the new host cell; however this 

process is prone to errors due to the lack of any proof-reading activity, meaning that 

mutations are relatively more frequent than  in DNA-based systems (e.g. Holmes, 2003, 

2008; Belshaw et al., 2008). If a virus is already optimally adapted to its present host, such 

mutations are likely to be to the detriment of its progeny; on the other hand, they may be 

advantageous in ongoing evolutionary arms races with their existing host-reservoir (through 

variation in the latter’s innate immune system together with recently-developed targeted 

therapies), as well as opening up opportunities to spill over into new reservoirs (reviewed by 

e.g. Munro, 2017).  

Different members of the genus have been identified based on analyses of their RNA 

sequences. Such genomic analyses have been used not only to identify the likely phyletic 

relationships between the different species but also have included ‘molecular clock’ 

approaches to try to determine time-lines for divergence from their most recent common 

ancestors. However interpretation of the latter results needs to be considered with a degree of 

scepticism, in rhabdovirids (Kuzmin et al., 2009; Velasco-Villa et al., 2017) as in other 
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viruses. Thus, available viral sequences give only a brief snapshot of changes over time 

(typically within the past half-century or so, at most), and are often restricted in space; they 

reflect the recent evolution of a presumably much older lineage against a background of 

mutations, the numbers of which are likely to be enhanced by the inherent inaccuracies in 

RdRp-mediated replication (Ho et al., 2011; Wertheim and Pond, 2011; Wertheim et al., 

2013; Holmes, 2016; Rupprecht et al., 2017). Evolution over longer time-scales and in 

different locales serves to sort the wheat from the chafe: some mutations may be selected for 

(e.g. as part of an ongoing arms-race with the local reservoir hosts’ innate immune and other 

defense systems) and hence form part of an overall evolutionary core ‘thread’ of sequences, 

whilst others will be weeded out along the way to be replaced by other mainly short-lived 

variants as a result of purifying selection and mainly neutral evolution in lyssaviruses 

(Holmes, 2008; Wertheim and Pond, 2011; Wertheim et al., 2013; Mollentze et al., 2014; 

Rupprecht et al., 2017; Marston et al., 2018).   

1. Overall Diversity within the Genus 

A total of 14 species have been officially recognised by the International Committee on 

Taxonomy of Viruses (ICTV), including the type species Rabies virus; two others have yet to 

be formally accepted.3 Of these, all but two have been identified in bats (Banyard et al., 

2014a; Mackenzie et al., 2016; Banyard and Fooks, 2017). Thus it has generally been 

assumed that the genus Lyssavirus originated in bats, and that this took place in Africa (e.g. 

Rupprecht et al., 2017). However this geographical origin has been questioned (Kuzmin and 

Rupprecht, 2007), and a recent phylogenomic analysis by Hayman et al. (2016) concluded 

that the presumed original spill-over from arthropods into bats occurred in Palaeoarctic 

Eurasia; thereafter, three separate onward spillings-over within mammals led to the genus’ 

outward radiation into Africa, each associated with a major clade (phylogroups I-III).4  

Apart from the rabies virus, phylogroup I includes nine other species (Hayman et al., 2016; 

Mackenzie et al., 2016), including two yet to be officially recognised as such; all have been 

associated with bats. Most closely related are the Gannoruwa bat lyssavirus (provisionally 

identified in fruit-bats from Sri Lanka: Gunawardena et al., 2016) and the Australian bat 

lyssavirus (from fruit-bats and one species of insectivorous one: Banyard et al., 2011, 2014a); 

                                                        
3 https://talk.ictvonline.org/taxonomy/ (2016 release); Amarasinghe et al. (2017).   
4 A. D. Munro (in prep.) has speculated that Southeast Asia may have been an important source of 

lyssaviruses, given the serological evidence for past infection of a diversity of bat species, despite the 

general failure to identify any current infections. 

https://talk.ictvonline.org/taxonomy/
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in addition, there are three other lineages, with the relatively abundant (presumably because 

of sampling bias) European bat lyssavirus types 1 and 2 (from insectivorous bats, typically 

being associated with the vespertilionids Eptesicus spp. and Myotis spp., respectively: 

McElhinney et al., 2013) belonging to different ones. The Duvenhage virus, in the same 

lineage as European bat lyssavirus type 1, is the only one to have been found outside Eurasia, 

having been isolated from two insectivorous bats – Miniopterus schreibersii5 and Nycteris  

thebaica – in southern Africa (van Eeden et al., 2011) and from humans infected there (van 

Thiel et al., 2009).  

Phylogroups II and III each comprise three recognised species (Hayman et al., 2016; 

Mackenzie et al., 2016), only some of which have been associated with bats.6 The former is 

restricted to Africa and includes the Lagos bat virus (from various species of fruit-bats in 

western and southern Africa: Markotter et al., 2008; Kuzmin et al., 2010)7 and the Shimoni 

bat virus (from an insectivorous bat, Hipposideros vittatus, in Kenya: Kuzmin et al., 2010). 

On the other hand, the Mokola virus was isolated from shrews (Crocidura sp.)8 in Nigeria; it 

has since been found in southern Africa in other species (most especially in domestic cats), 

including humans, with clinical features of a rabies-like infection (Kgaladi et al., 2013; 

Mackenzie et al., 2016; Coertse et al., 2017), but not from any bats (although there is 

serological evidence for past infections in some fruit-bats: Dzikwi et al., 2010).  

On the other hand, phylogroup III is represented by two Eurasian species from Mi. 

schreibersii, the West Caucasian bat virus (from southern Russia, near the border with 

Georgia: Kuzmin et al., 2008a)9 and the Lleida virus (from Spain: Ceballos et al., 2013); 

together with an African one, the Ikoma virus, isolated from a civet (Civettictis civetta)10 with 

                                                        
5 The species identification was tentative; moreover, if this was correct, then a recent taxonomic 

analysis suggests that it should instead be assigned to Mi.  natalensis (Miller-Butterworth et al., 

2003). 
6  Note that phyllogroup III is based only on genomic studies, without any serological or other 

evidence for an underlying unitary nature (Rupprecht et al., 2017).  
7 With evident dead-end spill-overs into a rabid carnivoran, the marsh mongoose (Atilax paludinosus), 

in South Africa (Markotter et al., 2006) and into cats and dogs (Banyard et al., 2011); the Lagos bat 

virus is likely to be paraphyletic, with at least four component clades, A-D (Banyard et al., 2011; 

Freuling et al., 2015). 
8 Also insectivorous; consistent with the proposed ancestry of rhabdoviruses in general, this virus is 

also able to replicate in insects and in insect cells (Buckley, 1975; Aitken et al., 1984).  
9 With serological evidence for this or a related species in Miniopterus spp. in East Africa (Kuzmin et 

al., 2008d). 
10 A viverrine carnivoran, suggested to be an unlikely reservoir; those species of bat sampled in the 

vicinity were seronegative.  
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clinical rabies in a dog-free portion of the Serengeti National Park in Tanzania, there being no 

evidence for infection of bats in the area (Horton et al., 2014).  

2. Strain Diversity within Rabies virus 

Velasco-Villa et al. (2017) distinguished between strains (biotypes)11 of this species which 

have evidently circulated for a prolonged period within an existing reservoir host species (be 

they dogs or particular species of bat) and those which have more recently spilled over to 

become established and circulate within new reservoir host species: respectively designated 

as ‘maintained’ and ‘derived’ viral strains. Although the rabies virus is capable of infecting 

virtually all eutherian mammals (including rodents, ‘ungulates’ 12  and humans), natural 

reservoirs of rabies viruses have been identified in only two of the 29 mammalian orders: 

Carnivora and Chiroptera, each with their own circulating strains (Hanlon et al., 2013). 

Within the Carnivora, this is in three of nine families in the suborder Caniformia – the 

Canidae (dogs, foxes, raccoon-dogs, etc.), Mephitidae (skunks) and Procyonidae (racoons) – 

and in one of the five families, the Herpestidae (mongooses), in the suborder Feliformia 

(Hanlon et al., 2013): whilst domestic cats (Felis silvestris catus; family Felidae) are an 

important source of human infections, they themselves are relatively resistant to rabies  and 

likely serve as bridging hosts mediating spill-overs from other carnivorans or bats rather than 

being a natural reservoir (Constantine, 2009). Concerning bats, rabies virus has been 

identified in a number of different families – most especially vespertillionids, mollosids and 

phyllostomids (including vampire bats) – in the Americas (Constantine, 2009; Escobar et al., 

2015).  

Genomic analyses have been used to characterise the different strains of the rabies virus, with 

the identification of six clades in dogs (Smith et al., 1992). Overall evidence indicates that 

their evolution has been tightly constrained: there is limited evidence for the positive 

selection of non-synonymous mutations, and hence for potential adaptive evolution, when 

strains in the carnivoran and bat orders were considered together (Holmes et al., 2002), 

although a subsequent more extensive survey restricted to bat rabies virus strains in the 

Americas led to the identification of additional evidence for phylogenetically ‘local’ (intra-

ordinal) positive selection, most especially in the ectodomains of the glycoprotein, which was 

                                                        
11 One definition (Wandeler, 2004) is that “[a] particular biotype is a virus variant adapted to a 

particular principal host species by especially high pathogenicity for this species, by a high rate of 

excretion, and by low immunogenicity.” 
12 Comprising members of the orders (Cet-)Artiodactyla and Perissodactyla. 
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related to the episodic establishment of lineages in new host species of bats (Streicker et al., 

2012a). This is in contrast to the often large positively-selected (non-synonymous) variability 

in the genes for surface glycoproteins in other viruses, as a means not only to evade the 

immune system but also to diversify the range of host acceptor molecules with which they 

can interact and thus infect (potentially new) target cells. Holmes et al. (2002) suggested that 

it might reflect the constraints imposed on the rabies virus by the need to replicate in different 

tissues (neurones, salivary gland cells and presumably muscle cells, at least; see Section III) 

within its present host; or, alternatively, it was the result of immune selection, due to the 

virus’ active measures to limit the subsequent development of an immune response upon 

infection (see Sections III.2 and V.1).  As a result, the prospective host, amongst ‘typical’ 

terrestrial carnivoran hosts at least, normally does not mount an immune response to the 

initial infection, but only in the terminal stages (see Section III.5). 

The following sections will briefly review the prevailing situation regarding rabies infections 

in the Old and then the New Worlds. 

i. Old World Rabies Viruses Infections would seem to be primarily associated with strains 

maintained in dogs (Canis lupus familiaris) as a reservoir today, with evidence for strong 

purifying selection (Troupin et al., 2016). Thus various regional clades have been identified 

based on genomic analyses of viruses from rabid dogs (recently reviewed by Troupin et al., 

2016; Munro, 2017; Velasco-Villa et al., 2017); the largest number of these is found in Asia, 

with phylogenomic data suggesting that the species may have originated in the Indian 

subcontinent (Bourhy et al., 2008)13 or in East Asia (Meng et al., 2011).14 On the other hand, 

the most widespread clade today is the Cosmopolitan (including the archetypal genotype 1 

Pasteur), which is found in dogs in Europe, together with Africa, and western portions of 

Asia as well as in the Americas.  

Whilst reports of rabies in dogs and the consequent infection of humans date back about four 

millennia, the Cosmopolitan clade appears to have originated when urban rabies emerged as a 

threat in Europe in the first half of the 18th century when spill-overs of sylvatic rabies from 

                                                        
13 It is interesting that the Gannoruwa bat lyssavirus isolated from fruit-bats (Pteropus medius) in Sri 

Lanka is the most closely-related known species of lyssavirus to the rabies virus (Gunawardena et 

al., 2016), recalling the proposal of Bourhy et al. (2008) that rabies originally spilled over into dogs 

on the Indian subcontinent. 
14 Exemplifying the problems associated with reconciling these and molecular clock analyses, Troupin 

et al. (2016) concluded that the last common ancestor of all dog-related rabies viruses dated back to 

between 1308 and 1510, with earlier reports of rabies infections being caused by other strains which 

have since died out. 
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an unknown reservoir became established in the growing population of dogs associated with 

humans (Blancou, 2004; Nadine-Davis and Bingham, 2004). This strain presumably 

outcompeted previously existing strains, accounting for the incongruence with documented 

historic cases (Troupin et al., 2016). A new biotype of this clade became established in 

European red foxes (Vulpes vulpes) during the twentieth century in what is now Russia, to 

subsequently spread westwards, including via an alternative host, raccoon dogs (Nyctereutes 

procyonoides; escapees of stocks introduced from East Asia for the fur-trade) as a presumed 

spill-over rather than the original source (Bourhy et al., 1999; Wandeler, 2004).  

In recent times, the Cosmopolitan clade has spread into sub-Saharan Africa with the 

introduction of infected dogs during the colonial period, apparently displacing pre-existing 

strains apart from in West Africa (Nel and Rupprecht, 2007;15 Velasco-Villa et al., 2017); 

spill-overs have thence established variants circulating in populations of wild canids, for 

example, although an antecedent diverse biotype is still circulating in present-day African 

mongooses (Herpestidae) and civets (Viverridae) in southern Africa.  

Another, the Arctic clade, is relatively closely related to the Cosmopolitan one and has been 

identified in European red foxes and arctic foxes (V. [= Alopex] lagopus), with the latter as 

the major reservoir in northern Asia, as well as in Alaska, Canada and Greenland (Mørk and 

Prestrud, 2004; Nadine-Davis and Bingham, 2004; Kuzmin et al., 2008b; Nadin-Davis et al., 

2012; Goldsmith et al., 2016), wherein there are cyclical eruptions which may spill over into 

sled-dogs (Raundrup et al., 2015); it may have recently spread northwards to infect these 

canids from dogs infected with ‘Arctic-like’ members of this clade from as far south as Iran 

and the Indian subcontinent (Bourhy et al., 2008; Velasco-Villa et al., 2017). 

Apart from one unusual report from southern China (Lu et al., 2013; see Section IV.1), the 

rabies virus itself has not been identified as such in bats from the Old World; contamination 

of laboratory samples is likely to have been a problem in other isolated cases (Banyard et al., 

2011, 2014a; Barrett, 2011; Kuzmin et al., 2011). Instead other species have been isolated 

(see previous Section). 

ii. Rabies Viruses in the Americas Three major groupings of these have been identified as 

circulating in the New World. One, the Arctic clade (see above), has been found to spill over 

from their reservoir hosts into dogs, but has only made limited incursions further south; this, 

together with evidence for a recent origin based on genomic analyses (the usual caveats 

                                                        
15 Note that their ‘horn of Africa’ refers to West Africa. 



Angus D. Munro 

 

66 

 

apply), led Velasco-Villa et al. (2017) to conclude that it has not contributed to the present-

day viruses circulating elsewhere in the Americas. 

The second group comprises members of the Cosmopolitan clade. Outbreaks of urban rabies 

were first reported in North American cities on the east coast in the latter half of the 

eighteenth century, to spread westwards thereafter (Nadine-Davis and Bingham, 2004; 

Velasco-Villa et al., 2017). Genomic analyses of recent viruses indicate that this is likely to 

have been due to the importation of the strain from Europe (Velasco-Villa et al., 2017); the 

delay in its becoming established in North America may be partly as a result of the initially 

long trans-Atlantic crossing times, such that these exceeded the typical latencies for rabies 

infections to become manifest in dogs so that the latter would have been eliminated en route 

(Velasco-Villa et al., 2017; cf. Troupin et al., 2016). Prior to this, cases of evident rabies in 

dogs may have been imported ones (presumably with an atypically long latency) or spill-

overs of pre-existing indigenous American strains from sylvatic hosts (see below) which 

failed to become established due to the low population densities of dogs at the time (Nadine-

Davis and Bingham, 2004; Velasco-Villa et al., 2017). 

Arising out of the original introduction of the Cosmopolitan clade into North America, there 

have been derived spillings-over not only into other canids (including coyotes, Canis latrans) 

but also into certain populations of skunks (Mephitis spp.) (Nadine-Davis and Bingham, 

2004; Velasco-Villa et al., 2017).  

A third cluster is represented by the indigenous American clade (Banyard et al., 2011, 2014; 

Rupprecht et al., 2011), which is distinct from the ‘dog-related’ clades of Rabies virus 

(Troupin et al., 2016). This has been proposed to have arisen as a result of the ‘reverse’ spill-

over from infected dogs to common vampire bats (Desmodus rotundus)16 in Central and 

South America, through the latter’s ingestion of infected blood, wherein a new strain evolved 

as an enzootic; thereafter, this strain is argued to have spilled over via a transmission chain 

into other species of bat,17,18 leading to the emergence of other biotypes of virus, thereby 

                                                        
16 Members of the Phyllostomidae, a diverse group of New World bats which includes not only these 

but also insectivores and species which feed on fish and other small vertebrates, nectar or pollen. 
17 As well as from these into striped skunks (M. mephitis), distinct from dog-derived ones (Troupin et 

al., 2016). 
18 Including two other species of vampire bat which feed predominately on blood from birds 

(Fenton, 1992; Naish, 2007a; Constantine, 2009); a shared rabies virus strain has been 

identified in the hairy-legged vampire bat, Diphylla ecaudata (Castilho et al., 2010) and in 

the white-winged vampire bat, Diaemus youngi (de Thoisy et al., 2016). Whilst birds may 

be infected with standard rabies viruses experimentally, there are only rare reports of 
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explaining why the rabies virus has been very rarely been identified in Old World bats. The 

spread of infection would possibly have been facilitated by the population explosion of 

vampire bats as a result of the “massive” introduction of livestock in the latter half of the 17th 

century (Rupprecht et al., 2011), with dispersal being aided by the migratory nature of many 

other species of bat. As a result, rabies from common vampire bats is a major cause of 

livestock losses in Central and South America (Lord, 1980; Johnson et al., 2014), whilst 

insectivorous bats are a major source of human rabies cases in North America now that dogs 

have been eliminated as a reservoir (Lackay et al. 2008; Hanlon and Childs, 2013), including 

through the intermediary of cats, which are relatively resistant to rabies infections 

(Constantine, 2009). 

However this scenario is open to question. In contrast to the debatable evidence based on 

‘molecular clock’ analyses in support for such a scenario (Hughes et al., 2005; Kuzmina et 

al., 2013; Hayman et al., 2016; Troupin et al., 2016; Rupprecht et al., 2017; Velasco-Villa et 

al., 2017), there is suggestive evidence that a rabies virus may have been enzootic prior to 

this time, especially in vampire bats. Thus although Spanish conquistadores were afflicted by 

the bites of vampire bats, the indigenous peoples had developed the practice of cauterising 

bites (Baer, 2007; Constantine, 2009). Whilst the invading colonialists were familiar with the 

more recognisable ‘furious’ manifestation of rabies (see Sections II.2.i and III.2) from 

outbreaks in Europe, the strain transmitted by vampire bats is mainly associated with 

development of the ‘paralytic’ form of disease;19 thus early cases of rabies infection may 

have been misdiagnosed as being due to poliomyelitis or a related disease, with cattle 

suffering from ‘plague’ or ‘botulinism’. Similarly, prior to the identification of rabies in an 

insectivorous bat in Florida in 1953, human spill-overs may have been misdiagnosed as being 

due to poliomyelitis in the United States (Constantine, 1967; Kuzmin and Rupprecht, 2007).  

Regardless of its provenance, comparative analyses of the sequence of the glycoprotein gene 

indicate that there are four groups of strains within the indigenous American clade, more 

related to behavioural lifestyle of the host species than their geographic distribution or their 

phylogenetic relationships (Hughes et al., 2005; Davis et al., 2006; Velasco-Villa et al., 

2006; Banyard et al., 2011). Group I is associated with colonial, non-migratory bats (Myotis 

                                                                                                                                                                            
(presumably dead-end) transmission of dog-related strains under natural circumstances 

(Baby et al., 2015).  
19 But see Lopez et al. (1992) for a recent outbreak in the Peruvian Amazon where a vampire bat 

strain of rabies was instead associated with outbreaks of the furious form of the disease in two 

isolated villages, perhaps related to the recent development of pig-farming (subsequently aborted). 
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spp. and Eptesicus fuscus; the latter also hosts group III viruses in western parts of its range) 

and group II with solitary,20 migratory species (Lasiurus spp., Lasionycteris noctivagans and 

Perimyotis [= Pipistrellus] subflavus,21 apparently being a later ‘acquisition’: Hughes et al., 

2005). On the other hand, group IV, which is basal to the other three groups, comprises D. 

rotundus (family Phyllostomidae) and subspecies of Tadarida brasiliensis (family 

Mollosidae), a colonial migratory bat found throughout much of the Americas (Davis et al., 

2006; Kuzmina et al., 2013), as well as various non-haematophagous neotropical bats, with 

evidence for another two taxonomically- and geographically-based sub-groups (Oliveira et 

al., 2010; see also Banyard et al., 2011; Johnson et al., 2014). However, whilst such analysis 

clearly distinguished members of the indigenous American clade from those circulating in 

terrestrial mammals in the Old World, similar comparisons for the nucleoprotein and 

phosphoprotein genes indicated that those derived from bats formed a discrete cluster nested 

within the inferred trees for rabies viruses as a whole. Thus Davis et al. (2006) concluded that 

it was impossible based on present-day samples to determine whether the rabies virus 

originated in bats or in terrestrial mammals, or simultaneously in both.  

A genomic analyses of the rabies viruses of 23 North American bat species led Streicker et 

al. (2010) to conclude that most spill-overs were into closely-related host species, despite the 

intrinsic mutability of these RNA viruses. Moreover most spill-overs were evolutionary dead-

ends, with successful establishment being dependent on the frequency of spill-overs between 

the two species involved. They suggested that the similarities between closely-related species 

in terms of various aspects of their biology were also important determinants: for example, 

virulence (with the need for the deleterious effects on the brain to be sufficiently delayed for 

there to be time for sufficient salivary excretion) is more likely to be already near the 

optimum based on similarities in e.g. cell-surface acceptors and other aspects of their 

biochemistry and physiology (Streicker et al., 2010). Streicker et al. (2012b) proposed that 

the main factor influencing the diversification of the rabies lyssavirus amongst New World 

bats was likely to be the opportunity for year-round transmission and infection in tropical 

populations, and thus more ‘generations’, possibly together with the increased chance of 

spill-overs to infect the greater diversity of other potential host species. 

                                                        
20 Note that these come together seasonally in mating and maternity roosts and, in some cases, to 

hibernate.  
21 Naish (2011a) has reviewed the taxonomy.  
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Moreover, whilst skunks in more northerly portions of the central United States and Canada 

are host to a derived Cosmopolitan strain, a bat-derived variant is circulating in these from 

more southerly regions, with evidence for multiple independent spill-over events, typically 

from Ep. fuscus (Rupprecht et al., 2011; Kuzmin et al., 2012; Velasco-Villa et al., 2017). 

Similar spill-overs have also occurred into raccoons (Procyon lotor; Procyonidae) and 

indigenous canids, although spillings over into North American terrestrial mammals are 

likely to have been relatively rare in the recent past (Mackenzie et al., 2016). 

A survey of the incidence of reports of rabies in skunks and raccoons over the period 1992-

2011 suggested that spill-overs were more likely from the latter into the former ; 

Interpretation of the data is confounded by the general lack of genotyping of the rabies 

variant involved (thus reports for skunks included areas where either the dog- or the bat-

derived variant has been identified); and thus whether, rather than each ‘spill-over’ being a 

one-off dead-end, the virus might have established at least ‘sputtering’ infections in the new 

host species. Nevertheless, Wallace et al. suggested various explanations for the evident bias 

towards raccoon-skunk transmission: apart from possible genomic preadaptations (or the lack 

thereof) on the part of the viruses involved, other likely influences included ecological and 

behavioural factors.  

3. Conclusions  

Available evidence suggests that most members of the genus Lyssavirus are relatively 

restricted in their taxonomic and geographic distribution. The major exception is Rabies virus 

which is enzootic in two different mammalian orders; lesser ones are the Australian bat virus 

(Marston et al., 2018) and European bat lyssavirus type 1 (Serra-Cobo et al., 2002, 2013; 

Amengual et al., 2007; López-Roig et al., 2014), which infect more than one family of bats: 

in the case of the latter, this allows the virus to spread and be sustained in locales where the 

presumed normal host genus is absent.  

Thus the rabies virus is extensively distributed in the Old World. Whilst it has established 

infections in a variety of wild species, the main reservoir host would appear to be dogs.22 For 

rabies to persist in dogs, the population densities of the latter need to exceed a critical 

community size and the associated threshold for establishment (ST: Dobson and Carper, 1996; 

                                                        
22 Marston et al. (2018) have pointed out that ‘reservoir’ in the case of dog rabies differs from the 

typical situation where a virus is nonpathogenic, or at least causes ‘minimal disease’, in its natural 

host; they suggest that this reflects a recent spilling over where the virus has evolved increased 

virulence to take advantage of the increased potential for transmission in terrestrial mammals. 
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Begon, 2009). Important in this regard is Bingham’s (2005) distinction between maintenance 

infections (those which last for varying periods within a circumscribed population before 

dying out) and persistent ones (where interactions between different host populations can lead 

to a sustainable self-perpetuating cycling of the virus amongst them). In contrast to the 

discrete family-based units (packs) 23  characteristic of wolves (from which they were 

domesticated), present-day dogs are more individualistic and more likely to free-range and 

interact as a metapopulation (Marshall-Pescini et al., 2017). Thus, whereas any infection in 

wolves is presumably most likely to be contained within the pack itself (given that these 

social groupings each range within and defend their own territories), the more dispersed 

interactions amongst dogs (especially those which have run wild, including so-called 

‘superspreaders’ as a result of the behavioural effects of infection: Brunker et al., 2012) serve 

to increase the effective population size and thus the potential for rabies and other infections 

to become enzootic if host densities are sufficiently high (see also Sections III.6 and IV.3.iv). 

Hence rabies today may be a product of an early impact of humans on their environment 

through the domestication of dogs; the spread of the Cosmopolitan strain would be the most 

recent manifestation of this. Thus there has also been a similar recent spread of rabies virus 

onto the islands of Southeast Asia, involving regional strains rather than the Cosmopolitan 

clade, as a result of human-mediated movements overcoming physical dispersal barriers 

(reviewed by Munro, 2017; see also Brunker et al., 2012).24  

As noted above, it is generally assumed that lyssaviruses originated in bats. Based on known 

sequences, Rabies virus might have arisen as a result of a spill-over from fruit-bats in the 

Indian subcontinent or more eastern regions. Thereafter, infection presumably spread outward 

with different geographic biotypes emerging in areas with sufficiently large dog populations, 

and the Cosmopolitan strain becoming the most widespread. It was originally thought that the 

indigenous American clade, with its different biotypes primarily in New World bats, 

originated as a spill-over of the Cosmopolitan strain (presumably into vampire bats) from 

dogs brought over by European colonialists, but this is now considered unlikely based on 

historical and phylogenomic evidence. Arising out of this, one possibility is that the virus was 

                                                        
23 Comprising a breeding pair and their offspring; in present-day populations, the latter normally 

disperse and inter-mix when they become sexually mature at two-three years old, to establish their 

own family-units: http://westernwildlife.org/gray-wolf-outreach-project/biology-behavior-4/;  

http://www.wolf.org/wolf-info/basic-wolf-info/biology-and-behavior/.  
24  Similarly, for the recent indigenous (presumably bat-derived) American variant circulating in 

raccoons, humans have been responsible for its spread north from its origin in Florida (Brunker et 

al., 2012).   

http://westernwildlife.org/gray-wolf-outreach-project/biology-behavior-4/
http://www.wolf.org/wolf-info/basic-wolf-info/biology-and-behavior/


Lyssaviruses and the Evolution of Rabies: A Riddle Wrapped in an Enigma 

71 

 

introduced with dogs during the early spread of humans from northeastern Asia, given 

genomic evidence that domesticated dogs accompanied these early movements (Leonard et 

al., 2002; van Asch et al., 2013; Grimm, 2015; Frantz et al., 2016; MacHugh et al., 2017). 

However the small numbers of dogs in the founder population(s), the succumbing of those 

infected with rabies during the initial settlement and traversing of Beringia and/or their 

subsequent dispersal across the continent may have meant that any pre-existing infection was 

not sustainable. If it was sustainable at least initially, this might have led to spill-overs into 

one or more native species (such as seen today with the strain introduced by European 

colonialists), including vampire bats (which had a more extensive northerly distribution than 

today: Fenton, 1992; Naish, 2013), to then spread to other species of bat. This is one of the 

scenarios considered further in Section V.2.  

Alternatively, the rabies virus may have been introduced to the Americas by movements of 

bats themselves. On the one hand, assuming an ancient origin, Rupprecht et al. (2017) have 

suggested that the indigenous American clade spread more than 65 million years ago with 

bats25 emigrating from Africa to South America across the widening Atlantic Ocean after the 

splitting up of Gondwanaland in the late Cretaceous. Alternatively, the movement could have 

been from northern Asia (the apparent ‘epicentre’ for all lyssaviruses: Hayman et al., 2016) 

across Beringia and/or the Bering Strait when environmental conditions were clement, 26 

without the tight time constraints of an ‘out of Africa’ hypothesis:27 that such long-distance 

movements would be feasible is indicated by the fact that, other than a species of seal, the 

only other mammal native to Hawai’i is the Hawaiian hoary bat (Lasiurus cinereus semotus), 

a subspecies of a vespertilionid bat widespread in the Americas, with evidence for at least 

two trans-oceanic influxes leading to founder populations (Bonaccorso and McGuire, 2013; 

Russell et al., 2015). Related to these scenarios, Arita et al. (2014) concluded that two 

families of bats (the Emballonuridae and Molossidae) colonised South America from 

Africa, 28  whereas a third, the vespertilionids, spread into North America from Eurasia; 

thereafter, the joining of the two Americas at the Isthmus of Panama about five million years 

ago led to the Great American Biotic Interchange of bats as of other species (although some 

species of bats had crossed the dwindling space between the two continents for a considerable 

                                                        
25 Rupprecht et al. (2017) speculated that it may have ‘spilled over’ via Eptesicus or Myotis spp. (cf. 

Arita et al., 2014; and see below). 
26 This connection has occurred intermittently during the past 63 million years (Eick et al. 2005). 
27 Present-day bats are found in Alaska south of the Arctic Circle (Parker et al., 1997). 
28 Although it is generally considered that the Phyllostomidae (including vampire bats) arose in South 

America, there is some reason to doubt this (Arita et al., 2014). 
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period prior to this: Arita et al., 2014). Amongst the Vespertilionidae, genomic analyses 

suggest the common ancestor of present-day Myotis spp.29 originated about 21 million years 

ago in the early Miocene (a relatively cool period) in the Oriental region, to thereafter spread 

outward and diversify into ten clades (Ruedi, et al., 2013). Of these, clade I is found almost 

exclusively in the Americas, with the exception of the My. brandtii lineage from the 

Palaeoarctic, which lies embedded genome-wise between the two New World subclades 

(Stadelmann et al., 2007; Ruedi et al., 2013; Platt et al., 2017). 30   Thus if rabies was 

introduced to the Americas at or after that time, this may have been through these bats, to 

thereafter diversify with the radiating bat populations there.  

Regarding the promiscuity of the rabies virus in relation to the species which it can infect 

and, in some cases, establish sustainable circulating biotypes over a period at least, Troupin et 

al. (2016) concluded that there is no evidence for any genetic predisposition to being able to 

successfully spill over into a particular new host species and thereafter evolve as an enzootic 

strain in this alternative reservoir. Instead, such events would appear to have occurred by 

chance, spread over time and space associated with propitious ecological factors, including 

adequate population sizes and densities.31 Thus Wandeler (2004) noted that the biotype of 

rabies which emerged in red foxes in Europe in the middle of the last century has been 

largely confined to these and to raccoon-dogs, and has not spilled over to establish sustained 

infections in other wild carnivorans or in domestic dogs and cats. Because stone martens 

(Martes foina) and cats, at least, were considered likely to have local population densities 

equal to or exceeding those of red foxes, it was suggested that other important factors might 

be due to reduced susceptibility and/or less profuse salivary excretion; moreover both these 

factors may favour the acquisition of herd immunity due to the resulting abortive infections. 

In addition, as noted above with regard to skunks and raccoons, behavioural and ecological 

factors likely play a role (Wallace et al., 2014). 

In bats, particular strains of the rabies virus are generally restricted to their own narrow 

reservoir, typically to one host species, with any spill-overs being favoured between closely 

                                                        
29 This genus is characterised by having members which have evolved at relatively high latitudes 

(Ruedi et al., 2013), and include the most northerly populations of bats in Alaska (Parker et al., 

1997). 
30 cf. Marston et al. (2018) who concluded, rather mysteriously, that “although Myotis species from 

America and Europe are morphologically similar, phylogenetically they are unrelated,” and thus 

ruled out this hypothesis. 
31 Marston et al. (2018) have argued that pre-adaptation occurred with the original evolution of the 

rabies virus in bats, such that subsequent adaptive changes have been mere ‘fine-tuning’ of the virus 

after it has spilled over into a potential new host species. 
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related species (Streicker et al., 2010; Mollentze et al., 2014). Some genomic analyses 

suggest that convergent changes in the amino acid sequences of a number of the proteins in 

the bat virus may have predisposed variants to become infective in their potential new host 

species (Kuzmin et al., 2012). More generally, Mollentze et al. (2014) argued that the evident 

limited success of establishing spill-overs in terrestrial mammals as well as bats is the result 

of a dynamic interplay between (i) overt ecological factors with regard to the transmission 

between reservoir hosts and potential spill-over species; and (ii) intrinsic ‘physiological’ 

factors which are likely to be constrained by how closely related the original and possible 

new host species are (their ‘phylogenetic distance’). Moreover, if subsequently transmitted 

within the new host species, the infection dynamics are likely to be ‘sputtering’ or only 

transiently enzootic (respectively Wolfe et al.’s [2007] stages 3 and 4; see also Woolhouse et 

al., 2012) before dying out; a potential exception would be the emergence and spread of a 

strain of rabies in European red foxes, although this has since been limited by pro-active 

containment measures (Wandeler, 2004).  

Thus, whilst Holmes et al. (2002) found limited evidence for positive selection across the 

then-available Rabies virus sequences as a whole, Mollentze et al. (2014) noted that a survey 

which focused on the indigenous American clade in bats (Streicker et al., 2012) found 

evidence for periodic occurrence of such events associated with host-shifts: hence an all-

encompassing analysis ignores more ‘local’ genomic changes as background noise, rather 

than evidence suggesting adaptation to a particular host species (but see Rupprecht et al., 

2017). Also, for the Cosmopolitan clade in North America, the use of so-called deep 

sequencing to identify the various variants of a rabies virus in particular cases of infection 

associated with a spill-over from a striped skunk reservoir into grey foxes indicated that the 

dramatic increase in the occurrence of outbreaks in the latter in 2009 was as a result of the 

selection for rare variants which were already evident in both skunks and a northern 

population of foxes in 1995 (Borucki et al., 2013). Thus it was argued (Mollentze et al., 

2014; see also Marston et al., 2018) that productive spill-overs might be the result of ‘pre-

adaptive’ variants in the original reservoir which could, given the appropriate ecological 

conditions, spread and thereafter evolve in the prospective new host species; they further 

argued that experimental studies involving other species or cell-lines derived from these 

supported the capacity for such adaptive evolution. 

On the other hand, phylogenomic analyses indicate that the genetic diversity of a host 

population is a good predictor of that of its associated viral subpopulation (presumably 
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reflecting both sides of an ongoing arms-race), with evidence for increased host genetic 

diversity in reservoir hosts being correlated with greater evidence for positive selection on the 

part of their viruses, the sites in the latter varying with the reservoir species 

(Rodríguez‐Nevado et al., 2018). Furthermore, there was some suggestion that the associated 

viral diversity of certain reservoir species may predispose the latter to serve as sources of 

spill-overs (typically dead-end, in more ways than one) to other mammalian hosts, 

presumably because of the greater chance of potentially optimal variants pre-adapted to the 

new environment; however, again, ecological and other factors are likely to play a 

moderating role (Rodríguez‐Nevado et al., 2018). 

The foregoing has given a brief review of the known diversity of lyssaviruses and broad 

aspects of their proposed evolution, and has referred in passing to some aspects of their 

infective biology. The following section will consider the last in more detail for terrestrial 

mammals, mainly with regard to Rabies virus.  

III. Rabies-Related Virus Infections in Terrestrial Mammals 

The following will briefly describe some of the key points regarding the aetiology and 

consequences of infection with Rabies virus (mainly based on observations on dogs and 

humans), followed by an overview of selected in vitro and in vivo studies with this and other 

lyssaviruses which have given insights into these. Thereafter, cases where a typical infection 

fails to become established in terrestrial mammals will be considered. 

1. The Establishment of Infection  

The standard scenario is that this occurs when the bite of an infected animal32 inoculates 

virus-laden saliva into a potential future host; successful transmission requires infection to 

spread to neurones in the central nervous system, this being more effective with deeper bites 

in the case of dog rabies (reviewed by Hemachudha et al., 2002, 2013; Jackson, 2013). There 

is evidence that both motoneurones innervating the inoculated muscle and the latter’s 

associated sensory proprioceptors may be targeted by the virus, although the former may be 

more susceptible in the short term (Lafon, 2005; Dietzschold et al., 2008); alternatively, at 

least for so-called CVS strains (developed in mice; see Section III.3.i), sensory neurones may 

instead be infected indirectly in primates, rats, and guinea pigs, as a result of trans-neuronal 

spread from infected motoneurones through local (presumably feed-forward) circuits within 

                                                        
32 Whether in the prodromal phase or subsequently when clinical infection becomes manifest. 
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the central nervous system (Ugolini, 2011; Hemachudha et al., 2013). Whichever route 

pertains, dog rabies may lead to infection of sensory neurones, associated with neuropathic 

pain, pruritic itching and other symptoms at the previously-bitten site during the subsequent 

prodromal phase (see below); this is more frequent in cases with bat-derived viruses 

(Hemachudha et al., 2002, 2013), reflecting a potentially more diverse set of target tissues 

where even superficial bites may be infective (see Section III.3.ii). However it may also 

occur through aerosols or the handling of dead animals, with viral access through open 

wounds or mucous membranes (Nguyen et al., 2011; Hemachudha et al., 2013; Crowcroft 

and Thampi, 2015; see also Section V.2). 

The viral envelope’s glycoprotein is initially responsible for interacting with potential future 

host-cells through ‘receptors’ (henceforth identified as acceptors: Munro, 2017)33  on the 

surface of the latter in order to gain entry to their target. The nicotinic acetylcholine receptor 

on somatic muscles has been identified as one such acceptor: it has been proposed that an 

affinity for the nicotinic receptor may serve as a means for concentrating the virus in the 

synaptic cleft to enhance neuronal uptake; and/or be associated with an initial ‘booster’ of the 

original inoculum through productive infection of the muscle cells to the same end 

(Dietzschold et al., 2008; Schnell et al., 2010; Ugolini, 2011; Scott and Nel, 2016). 34 

According to the latter hypothesis, the variability in latency before infection becomes 

manifest relates to the amount of time required for the virus to propagate in the muscle to a 

level where it can then successfully infect the associated neurones. Nicotinic receptors are not 

present on nerve terminals at the neuromuscular junction, meaning that other acceptor 

molecules must be involved for uptake by motoneurones. From experimental studies, one 

prime (but not essential) candidate is the neural cell adhesion molecule (N-CAM) (Lafon, 

2005; Jackson, 2007; Ugolini, 2011); this is reinforced by the fact that it is widespread on the 

presynaptic terminals of neurones (being important in neuroplasticity: Rønn et al., 1998), 

including components of the autonomic nervous system (Faure et al., 2007), as well as on 

muscles and the Schwann cells insulating motoneurones (Covault and Sanes, 1986). However 

other (co-)acceptors may also be involved, with different ones possibly being implicated in 

sensory cells compared with motoneurones (Lafon, 2005; Schnell et al., 2010).    

                                                        
33 Whereas a receptor is a macromolecule produced through natural selection in order to detect a 

particular ‘event’ of relevance to the organism involved (e.g. acetylcholine by the nicotinic 

receptor), this is not the case for the molecules coopted by viruses: indeed, natural selection may 

operate on potential hosts to favour the production of variants of the ‘receptors’ (i.e. acceptors) with 

which virions cannot interact in order to gain entry to a cell. 
34 Laboratory CVS strains are unable to infect muscle cells: Ugolini (2011). 
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Having entered target neurones after a latent period of variable duration (Perhaps related to 

the initial replication in the inoculated muscles), the virus’ glycoprotein then hijacks the fast 

retrograde axonal transport system in order to be carried back (3 mm/hr: Dietzschold et al., 

2008) to the infected neurones’ somata in the central nervous system.  

2. The ‘Normal’ Progression of Infection  

Having gained access to the central nervous system, the virus is now unleashed to multiply 

and spread retrogradely along neural networks to progressively higher-order neurones 

(Ugolini, 2011; Hemachudha et al., 2013). Thus, having replicated within the soma of a 

neurone, virions are released from the dendrites to be taken up by presynaptic terminals by 

way of N-CAM or other acceptor mechanisms (Lafon, 2005, 2016; Jackson, 2007; Ugolini, 

2011). Whilst a component of the viral capsid has been identified as promoting fusion 

between adjoining cells for the onward spread of the virus infection (Dietzschold et al., 

2008), this may be a derived characteristic of certain in vitro strains (Ugolini, 2011), 

reinforcing concerns that cell lines may behave atypically ex vivo (Wunner, 2007). In contrast 

to the effects of acute infections of the CNS by other viruses (Griffin, 2003), there is little 

evidence for neuro-inflammatory pathology; apart from strategies to subvert the host’s 

immune responses,35,36 the main effects are to reduce the activity of house-keeping genes and 

the production of proteins as a result (Lafon, 2005; Dietzschold et al., 2008; Warrell, 2009; 

Hemachudha et al., 2013; see also Section V.1).  

Thus the rabies virus is optimally adapted to seek to minimise short-term damage to its 

current host, in order to achieve the necessary end-result for possible onward transmission: 

the spread of contagion via the autonomic nervous system to the salivary glands, leading to 

the infection of the latter and the production of a virion-rich saliva as a vehicle to this end in 

                                                        
35 Whilst the initial infection is potentially exposed to the immune system at large, there is generally 

no evidence for an acquired immune response prior to the prodromal phase (Johnson et al., 2010; 

Scott and Nel, 2016).  
36 One additional intriguing possibility – which would reduce the need to synthesise glycoproteins and 

thus the risk of provoking an early immune response (Lafon, 2008, 2011) – is that viral RNA might 

itself be transferred retrogradely, at least initially, e.g. by taking advantage of the Arc gene. The 

latter has been independently co-opted in insect and tetrapod vertebrate lineages from ancient 

retroviral infections, with the resulting gypsy retrotransposons being translated and their proteins 

assembled into ‘capsids’ which act as packages to transmit Arc mRNA itself (and potentially other 

RNAs) across the synaptic cleft as a ‘novel’ means of inter-neuronal signalling implicated in 

learning and memory processes, although whether this is uni- or bidirectional has yet to be 

identified in mammalian models (Parrish and Tomonaga, 2018). Presumably where this has 

occurred at least once amongst tetrapods and independently in Drosophila, other analogous such 

acquisitions will be found, as in the case of the also retrotransposon-derived syncytins important in 

the development of the placenta. 
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carnivorans (Jackson, 2008, 2014). 37  Other tissues are also infected as a result of this 

centrifugal spread, including skeletal and cardiac muscle, the kidney and adrenal glands, the 

pancreas and nerves around hair follicles (Warrell and Warrell, 2004; Jackson, 2007; Warrell, 

2009). This switch to anterograde spread of virus within the autonomic nervous system, for 

example, is proposed to be the result of passive diffusional processes due to the progressive 

overwhelming of neuronal function in the central nervous system at large (Ugolini, 2011). 

Hemachudha et al. (2013) considered that the most likely route for centrifugal spread in 

humans was through sensory afferents, as well as via lymph nodes, thereby possibly serving 

to trigger activation of the immune system and thus potentially expedite the demise of the 

current host. 

As a result, after a variable latency (typically up to 3 months; but see below), disease first 

becomes evident during a prodromal phase lasting 2-10 days which is characterised by 

nonspecific symptoms such as general malaise, together with abnormal sensations associated 

with the site of original infection (Hemachudha et al., 2002, 2005; Jackson, 2007; 

Constantine, 2009; Warrell, 2009; Lafon, 2016). By this stage, the virus has become widely 

spread within the central nervous system, and has also spread to the salivary glands as a 

source of potential onward transmission (Hemachudha et al., 2002, 2013). Thereafter, the 

disease may proceed directly to a paralytic phase, so-called ‘dumb’ rabies,38 with passivity, 

muscle weakness and the resulting flaccid paralysis, the victim sinking thereafter into a 

terminal coma. The development of such symptoms during this phase in humans is very 

similar to that of Guillain-Barré syndrome and related autoimmune diseases,39 typically non-

fatal conditions where the immune system attacks the peripheral nerves seemingly in 

response to an infection although the syndrome itself is not contagious. This is more extreme 

in paralytic rabies, with evidence for inflammatory responses at the spinal level and 

degeneration of peripheral axonal myelin sheaths, with death being delayed in immuno-

compromised cases (Hemachudha et al., 2005, 2013). Thus paralytic cases have often been 

misdiagnosed, as suggested above for human infections from vampire and other bats before it 

was realised that they represented an additional spill-over source of rabies viruses (Warrell, 

2009). 

                                                        
37 It is likely that the infection of the salivary glands is dependent on the overall varicose innervation 

rather than through local spread of virus after focal infection (Charlton et al., 1983). 
38 Humans and other animals are not necessarily rendered mute (Warrell, 2009). 
39 https://www.ninds.nih.gov/Disorders/Patient-Caregiver-Education/Fact-Sheets/Guillain-

Barr%C3%A9-Syndrome-Fact-Sheet 

https://www.ninds.nih.gov/Disorders/Patient-Caregiver-Education/Fact-Sheets/Guillain-Barr%C3%A9-Syndrome-Fact-Sheet
https://www.ninds.nih.gov/Disorders/Patient-Caregiver-Education/Fact-Sheets/Guillain-Barr%C3%A9-Syndrome-Fact-Sheet
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However this terminal stage is preceded in many infected terrestrial mammals 40  by a 

manifestation of the classical ‘furious’ (also called ‘encephalitic’) form of the disease, 

characterised by periods of arousal and hyperexcitability (including hallucinations and fear-

induced agonistic behaviours)41 interspersed with those of lucidity; this presumably reflects 

spread of infection to include the limbic system of the forebrain (Hemachudha et al., 2005, 

2013; Jackson, 2007; Warrell, 2009; Hanlon et al., 2013). Nonetheless, this manifestation of 

infection has often been misdiagnosed (Warrell, 2009). Its average latency to develop is 

comparable with that for the ‘dumb’ form, but it is of variable duration; thereafter, it may 

proceed to the latter, or else the victim may die as a result of cardio-respiratory arrest during 

spasms associated with feelings of terror but no feeling of pain: death typically occurs in half 

the time seen with paralytic cases. However the resulting behavioural changes serve to 

maximise the chances of onward viral transmission through biting of potential new hosts. 

There is evidence that the furious form of rabies in dogs is associated with earlier, more 

intense neuro-invasion (associated with faster intra- and thus intercellular transport) and less 

extensive inflammation than is the case with the paralytic form (Laothamatas et al., 2008; 

Shuangshoti et al., 2016). However whether an infected individual first develops furious 

rabies or proceeds directly to the paralytic form (or develops a non-classic form of the 

infection) is independent of the strain of virus received from dog bites, presuming that there 

have been no post-infection mutations of the original strain (Hemachudha et al., 2002, 2013).  

Some infections may only develop after a long latency. For example, Jackson (2007) 

reviewed three cases of immigrants to the United States – from Laos, the Philippines and 

Mexico – who developed rabies from a strain of virus which was characteristic of their 

countries of origin, indicating that they must have been infected, respectively, at least 11 

months, four or six years previously; also, one Vietnamese immigrant in Australia in 1990 

was likely to have been infected at least five years earlier. The delay presumably reflects 

prolonged quiescent infection at the site of inoculation prior to neuronal uptake, perhaps 

related to the dose of the original inoculum (Scott and Nel, 2016; see above). Other studies on 

humans have failed to find any relation between bite-location and the subsequent latent 

                                                        
40  About two-thirds of patients infected by dog-derived viruses; a similar proportion is seen in 

infections from bats in North America (cf.  Section II.2.ii), although the clinical presentation differs, 

including more frequent local sensory effects (Udow et al., 2013); for other animals, the result is 

typically furious in cats, mustelids, and viverrids and horses, but paralytic in foxes and bovines 

(Warrell, 2009).  
41 Often with the classic hydrophobic response in humans (not seen in other animals), where the desire 

to drink (e.g. to replenish losses from fever-induced sweating) is antagonised by efforts to swallow 

and the resulting pain mediated by autonomic effects (Warrell, 2009). 
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period, apart from evidence that this may be shorter for bites to the face (Warrell and Warrell, 

2004). This contrasts with evidence that the likelihood of active infection is highest (50-80%) 

for bites to the head in humans, intermediate (15-40%) for those to the forelimbs and lowest 

(3-10%) in the case of leg bites; the underlying factors are unclear, although possibilities 

include the density of virus acceptors in the inoculated tissues and the degree of innervation 

of the latter, together with the amount of virus inoculated and the properties of the variant 

involved (Jackson, 2007). Associated with this is a progressive distance-related increase in 

the average latency for infection to become manifest (Warrell, 2009), superimposed on the 

initial (common?)42 incubation time in the originally infected muscle.43 Another variable is 

likely to be age and the relative development of  the immune system, with young and ageing 

animals being more susceptible (Scott and Nel, 2016).  

3. In Vitro Studies  

These have proven insightful in studying some aspects of the basic biology of mainly the 

rabies virus. Whilst short-term studies have used explants of neural tissue, longer-term ones 

have used cultures based on neuroblastoma, kidney, fibroblast and epithelial cell-lines.  

The following will first consider studies of cultures of the rabies viruses derived (‘fixed’) 

from those circulating in dogs; and then the apparently special case of one strain, the silver-

haired bat rabies virus (SHBRV). 

i. Dog-Derived Strains The establishment of in vitro cultures of so-called ‘street strains’ of 

the virus isolated from rabid dogs using various cell-systems has led to the emergence and 

incidental selection of what are referred to as ‘fixed’ strains, such as variants of the challenge 

virus standard (CVS) and those used to produce vaccines; these have adapted to tissue-

culture, emerging and thus being selected for de facto because they replicate the fastest with 

the least detrimental effects on the chosen host cell-type during successive passages in vitro 

(Dietzschold et al., 1985, 2008). Thus genomic analyses of the glycoprotein and 

nucleoprotein genes of fixed laboratory strains indicate that purifying selection was a 

predominant force (possibility reflecting adaptation to infect the particular cell-type being 

used), in contrast to the limited evidence in favour of positive, potentially adaptive selection 

in the original wild strains (Holmes et al., 2002). As a result, various so-called ‘carrier’ 

strains may emerge which differ in their pathogenicity when subsequently tested in vivo (see 

                                                        
42 Assuming comparable densities of nicotinic recepors on different muscles (Baer et al., 1990). 
43 Given a transport rate of 3 mm/hr from the periphery (see above) translates to about 21 cm/month. 
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Section III.4).44 An additional, perhaps related issue is that in vitro infections may lead to the 

production of defective-interfering virions, which have shortened strands of RNA as a result 

of deletions and which replicate at the expense of the original strain and its viable variants; 

the generation of these would seem to be selected against in vivo, perhaps because of their 

loss of anti-inflammatory activity (Wunner, 2007). 

Thus, for example, Morimoto et al. (1998) found that passage of a fixed mouse-adapted 

rabies virus strain in hamster kidney (BHK) cells resulted in the rapid selection of a variant 

that differed genotypically from the dominant variant of the original virus isolated from 

mouse brain or after passage in neuroblastoma cells; this was associated with a phenotypic 

switch in the preference for particular cell-types, with the same variant consistently emerging 

during repeated transfection experiments into BHK cells. They concluded that this variant 

may be present as a sub-population within the original mouse-adapted strain, reflecting the 

‘quasispecies-like’ diversity expected as a result of the error-prone nature of replication in 

RNA viruses;45 more generally, they proposed that this may be important in allowing the 

virus to cross species-specific and other barriers. In this context, it is pertinent to note that 

Wunner (2007) argued that the presence of such (quasi-) quasispecies may be a by-product of 

the artificial conditions of culturing in vitro, due to the cells behaving differently from how 

they do in vivo. 

A number of studies have been identified mutations of amino acids 330 and 333 in the 

antigenic site III of the glycoprotein as important in pathogenicity in fixed rabies strains; 

these are normally basic but the virus is unable to enter cultured motoneurones when both are 

substituted (Coulon et al., 1998; reviewed by Jackson, 2007; Dietzschold et al., 2008). On the 

other hand, the double mutant retained the ability to infect BHK cells, neuroblastoma cells, 

and freshly prepared embryonic motoneurones, but with a lower efficiency than for the 

reference CVS strain used; however, continued culture of embryonic motoneurones led to 

their becoming resistant to infection by the double mutant whilst still being susceptible to 

CVS infection. It was proposed that this reflected a cardinal role for two different types of 

acceptor in mediating infection with rabies virus; and that one of these, on differentiated 

neurones, is not recognised by the double mutant (Coulon et al., 1998). Other amino acids in 

                                                        
44 It would not seem to be known whether there has been a parallel co-selection for particular cell 

lineages in vitro, although this might seem unlikely with multiple passages. 
45 See Holmes (2010) for a critique of the application of the quasispecies concept in virology. 
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the same region of the glycoprotein also play a role in the virus’ pathogenicity in vitro 

(Takayama-Ito et al., 2006a). 

ii. The Case of the Silver-Haired Bat Rabies Virus (SHBRV) Comparative experimental 

studies of a variant of the Cosmopolitan strain of the rabies virus isolated from a wild Texan 

coyote (C. latrans) with that from the brain of a human in California infected from the silver-

haired bat (Lasionycteris noctivagans)46 identified important differences between the two, 

presumably related to differences in the amino acid sequence of the glycoprotein; each strain 

was a stock prepared from a single passage of the primary isolates in suckling mouse brains 

to minimise fixation problems as a result of artificial selection for culture conditions.  Whilst 

both strains were equally efficacious in vivo when injected intracranially or intradermally into 

mice, the bat-based isolate was less neuro-invasive than that from the coyote when 

administered intranasally or intramuscularly (Morimoto et al., 1996). In vitro studies 

demonstrated that, whilst both isolates were equally effective in infecting a mouse 

neuroblastoma cell-line, the infectivity of the bat isolate was much higher than that of the 

coyote in a fibroblast and an epithelial cell-line. This, together with differences between the 

two isolates in cultures kept at 34° C (cf. the normal 37° C) – fuseogenic activity and cell-to-

cell spread of SHBRV was limited to the lower temperature – led Morimoto et al. (1996) to 

propose that the adaptations of this bat isolate may mean that the initial infection of 

epidermal cells (which are at a lower temperature) by even a small number of virions in a 

superficial scratch or bite may lead to the amplification of the virus to thenceforth spread to 

the central nervous system. Thus the authors concluded that the adaptations of the virus from 

this bat may help to establish and amplify an initial infection of epidermal cells from the 

small inoculum likely to have been received from a nip or scratch, as a prelude to invading 

nerve fibres in order to spread centripetally into the central nervous system: this will be 

considered further in Section V.2.  

4. In Vivo Studies  

Although mice and rats are standard laboratory models for a diversity of areas for biological 

study, rodents are not generally considered to be natural reservoirs for rabies: the argument is 

that, being short-lived and likely to be killed by rabies-infected predators anyway, the small 

                                                        
46  This and another small solitary tree-roosting species, the tri-coloured bat (Perimyotis [= 

Pipistrellus] subflavus), account for about two-thirds of human spill-over cases in the USA, despite 

not normally living near houses; the two species have closely-related rabies virus variants in a 

different clade from those of other bats (Messenger et al., 2003; Davis et al., 2006; Kuzmin et al., 

2011; Kuzmina et al., 2013). 
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species at least are dead-end hosts (Hanlon et al., 2013). An exception would seem to be 

China, where there is evidence for a rabies virus in rats and other local rodents which is 

different from that circulating in dogs, with evidence for human spill-overs in the 1990s 

(reviewed by Wang et al., 2014). 

When the rabies isolate from a naturally-infected European fox was serially-passaged by the 

primary infection of various other host mammals or cell-lines with subsequent trans-

generational inoculations within the particular experimental regime being used, it was found 

that mutation rates were higher when the subjects were mice in vivo than for dogs and cats 

and for in vitro studies (Kissi et al., 1999). Changes (mainly nonsynonymous: implying 

positive selection) accumulated over passages, being the more so for the glycoprotein gene 

than for other components of the virus. 

Nevertheless, mice are routine subjects for in vivo tests of other potentially rabies-infected 

animals, typically through direct intra-cranial injections. However this has its experimental 

limitations in the study of a real-world in vivo situation where any infection is likely to 

originate peripherally; the continued use of intracranial injection serves as a base-line to 

compare the effects of other modes of inoculation. Thus up to three other modes of 

administration have typically been used for experimental studies. The most frequently used 

additional protocol is via intramuscular inoculation, but other studies have also used 

intradermal injections and intranasal administration; whilst some have also considered 

intravascular inoculation. Comparisons amongst studies are often confounded not only by 

differences in the particular strains of the rabies and other lyssaviruses and of the recipient 

test-animals used but also in methodological details of how the virus is administered. Thus, 

for nasal infections of the brain in mice, Rosseels et al. (2011) found that effectiveness 

depended on inoculum volumes and the nature of the anaesthetic used. 

Apart from the occurrence of deaths over a predetermined period, other parameters monitored 

in these and the survivors have generally included the presence of virus in oro-pharyngeal 

swabs during the course of the experiment, together with serum antibody levels (typically in a 

neutralisation assay: Moore and Hanlon, 2010), along with the detection of virus in the brain 

and salivary glands and possibly various other tissues post mortem or at the end of the 

experiment. Again, methodological differences often make comparisons between studies 

difficult, particularly where lyssaviruses other than the rabies virus are used, due to the use of 

different strains by different laboratories as well as differences in the detection methods.  
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Most information is available for different strains of the rabies virus isolated from dogs. Tests 

with ‘wild’ rabies viruses have often provided inconsistent results. Thus Banyard et al. 

(2014b) found variability amongst mice subjected to multiple foot-pad inoculations of rabies 

virus or European bat lyssaviruses types 1 or 2. Whilst about a quarter died, including some 

of those receiving the lowest dose (equivalent to about four virions/inoculum), the pattern of 

mortality and/or the serological response was unpredictable. The variability in sero-

conversion was suggested to reflect that in cell-mediated clearance by the innate immune 

system, at least in part.  

Consistent with in vitro studies, fixed rabies strains with mutations of both amino acids 330 

and 333 in the glycoprotein to produce non-basic substitutions are non-neurotropic in vivo 

and so are apathogenic in adult mice when injected intra-cranially or -muscularly (Coulon et 

al., 1998; see also Takayama-Ito et al., 2006b). When tested in vivo, other fixed strains 

typically have a reduced neuro-invasiveness compared with the street strains whence they 

originated, associated with a faster rate of replication and their induction of stronger, more 

rapid immune responses in vivo, more especially in adults with associated apoptosis (Scott 

and Nel, 2016). Thus, for example, the attenuated strain CVS-F3 led to only a transient 

infection of adult mice after nasal inoculation, associated with a strong inflammatory 

response in the brain as well as the production of neutralising antibodies (Hooper et al., 

1998); further experiments indicated that the infection was contained as a result of the 

conjoint action of the innate and acquired immune systems to mediate, respectively, the 

inflammatory response and B cell-mediated antibody production. Other studies with an 

attenuated rabies virus strain (HEP-Flury) administered by the same route found only 

transient, subtle clinical signs, in contrast to the virulent CVS-11 strain; this was associated 

with the earlier activation of an innate immune response, together with an increased acquired 

immune response and the more rapid clearance of virus from the brain, as compared with the 

later, more extensive neuro-inflammatory response with CVS-11 (Zhang et al., 2016). 

Similarly, intracerebral injection with an attenuated CVS strain from passage in BHK cells 

led to an early inflammatory response in mice, in contrast to that with SHBRV, indicating 

that the latter is also able to evade the host’s innate immune system (Wang et al., 2005).  

On the other hand, experiments on mice  with a rabies isolate from the bat Ep. fuscus found 

that the highest rate of mortality was after intranasal inoculation, presumably as a result of 
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direct access to the brain through olfactory pathways; 47  intradermal and especially 

intramuscular administration instead led mainly to seroconversion (Ndaluka and Bowen, 

2013). Exposure of mice to aerosols from three indigenous American bat variants of the 

rabies virus48 resulted in the death of four of the nine with evidence for rabies infection, 

whilst the survivors developed neutralising antibodies (Davis et al., 2007). Whilst the 

relevance of these findings to the situation ‘in the wild’ is unclear, it indicates the potential to 

evolve such a means for onward transmission given the appropriate environmental 

opportunities (see Section IV).  

Not only is SHBRV potent when inoculated intramuscularly in mice but also when an 

identical dose was instead injected into the tail vein; this was not seen with a standard strain 

of rabies derived from dogs (Preuss et al., 2009). Infection was apparently mediated by 

uptake via neurones of the hypothalamo-hypophysial system 49  leading to a lethal 

encephalopathy. 

Amongst other members of phylogroup I, McColl et al. (2007) reported that tests of the 

Australian bat lyssavirus over a three-month experiment resulted in transient clinical 

symptoms in three of five domestic dogs with subsequent seroconversion but no evidence of 

salivary viral RNA or antigen when necropsied three months later, although two of the dogs 

had neutralising antibodies in the cerebrospinal fluid; there was much lesser response with 

cats. 

Somewhat similarly, intramuscular inoculation of V. vulpes with European bat lyssavirus 

type 1 led to early rabies-like symptoms in all eight foxes from which they recovered but with 

subsequent relapses in all but one (Vos et al., 2004a); whilst neutralising antibodies were 

detected in the serum and brain, no antigen was found in the brain, salivary gland or other 

tissues tested, including in the three animals which were sacrificed. On the other hand, there 

is evidence that strains of this virus from different bats and other sources differ in their 

pathogenicity in mice, despite only minor variations in sequence (mainly as a result of 

insertions or deletions): whilst all mice receiving intracranial injections succumbed, 

mortalities were fewer with intramuscular and intranasal inoculations (Eggerbauer et al., 

                                                        
47 Note that this implies anterograde transport of virions, in contrast to the general view that this is 

normally retrograde during most stages of infection initiated elsewhere (see Section III.2). 
48 One isolate from each of Ep. fuscus, T. b. mexicana and the ‘solitary’ bat L. noctivagans’ SHBRV.  
49 One of the so-called circumventricular organs, where there is no blood-brain barrier: these serve as 

additional means for exchange of information between the central nervous system and the body at 

large. By extension, other such CVOs also represent potential means for the virus to bypass the 

blood-brain barrier and enter the central nervous system.  
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2017). An earlier experiment found that, whilst mice were susceptible to intranasal 

inoculation with either a mouse-adapted standard (CVS) strain or European bat lyssavirus 

type 2, only the former was efficacious after inhalation of aerosolised virus (Johnson et al., 

2006b). 

Experiments with ferrets (Mustela putorius furo) and mice using European bat lyssavirus type 

1 found that all receiving the higher intramuscular dose (106.0 FFU) died, whereas only a 

proportion of either species succumbed to a lower dose (104.0 FFU) within the first 18 days; 

other animals receiving a comparable dose of European bat lyssavirus type 2 survived apart 

from one of the five mice (Vos et al., 2004b). Moreover, whilst all ferrets seroconverted 

(progressive in the case of some type 1 survivors cf. transient in some of those receiving type 

2), virus could be detected in various tissues at the end of the three-month experiment, but not 

in saliva swabs during the intervening period. Subsequently, as noted above, Banyard et al. 

(2014b) found variability amongst mice subjected to multiple foot-pad inoculations of rabies 

virus or European bat lyssavirus types 1 or 2.  

Badrane et al. (2001) found evidence that two members of phylogroup II (the Lagos bat virus 

and the apparently non-bat Mokola virus) were less pathogenic in mice than was the case for 

two from phylogroup I (the rabies virus and European bat lyssavirus type 1): whilst infective 

after intracerebral injection, they were ineffective after intramuscular inoculation. This was 

attributed in part to the presence of non-basic amino acids at positions 330 and 333 in the 

glycoprotein of these phylogroup II viruses. That they remained effective after intracranial 

injection was suggested to be due to other mutations within the portion of the ectodomain 

responsible for interacting with neuronal acceptor-targets. On the other hand, a subsequent 

study using a greater number of isolates of the Lagos bat virus50 tested intramuscularly found 

that some of these were as or more pathogenic than the strain of rabies virus used; it was 

concluded that other mutations also played a compensatory role (Markotter et al., 2009). 

5. Apparently Atypical Infections in Natural Populations of Terrestrial Mammals 

Fekadu (1991; see also Cleaveland and Dye, 1995) has reviewed the nature of atypical 

infections where nonvaccinated dogs are asymptomatic at the time when they are sampled, 

despite evidence for likely past infections. One category of these is represented by cases 

where symptoms do not develop within the expected time-frame after an experimental 

inoculation or a likely natural one, with no evidence for viral shedding in the saliva. This 

                                                        
50 There is evidence for four different strains, with members of A and C being tested. 



Angus D. Munro 

 

86 

 

comprises cases where there may be either (1) a prolonged latent period prior to the 

development of clinical symptoms, as noted above for humans (the ‘long incubators’ of 

Bingham, 2005); or (2) aborted (or ‘inapparent’) infection, associated with the development 

of an acquired immune response with neutralising antibodies in the serum and an anamnestic 

response to re-infection despite the absence of any clinical signs of disease or virus 

excretion.51 Fekadu’s other category constitutes animals which became ill but then recovered 

(possibly under-reported due to infected animals showing signs of illness typically being 

killed for post-mortem investigation), with the subsequent appearance of neutralising 

antibodies in the cerebrospinal fluid. This category included animals which were infectious 

carriers, with prolonged excretion of virions in the saliva by now healthy animals; these 

potentially represent a long-term pool to maintain viral circulation within the host reservoir.  

In what would seem to be a case of poor reportage, Minard (2009) stated that a bat virus had 

spilled over into skunks and, latterly, foxes in northern Arizona and that “the strain appears to 

have mutated so that [they] are now able to pass the virus on to their kin – not just through 

biting and scratching but through simple socializing, as humans might spread a flu. … 

Skunks have already been proven to be passively transmitting the strain to each other, as 

documented in a 2006 study in the journal Emerging Infectious Diseases.” However, the 

presumed study cited (Leslie et al., 2006) makes no mention of any such non-terminal, non-

aggressive infection in striped skunks (M. mephitis), never mind that it was spread by 

aerosols or other casual contact. 

The following will consider reports regarding abortive/inapparent cases and the possibility of 

carriers, including humans and the special case of one study on spotted hyenas (Crocuta 

crocuta). 

i. Abortive/Inapparent Cases and the Possibility of Carriers  Fekadu (1991; see also Warrell 

and Warrell, 2004; Jackson, 2007) has reviewed cases where apparently healthy individuals 

in various Carnivora were seropositive for the rabies virus, including those where viral 

sequences or active virions have been identified in the saliva. Fekadu et al. (1981 [abstract]) 

found that a dog inoculated with an isolate from an apparently healthy Ethiopian dog which 

excreted rabies virus52 in its saliva over a period of more than nine months. A subsequent 

study reported another case where a female dog administered the same virus developed 

                                                        
51  Typically, antibodies are first detected in the blood at or shortly before classic symptoms of 

infection become manifest, and then in the cerebrospinal fluid at the peak of viral production 

(Johnson et al., 2010). 
52 Or at least a phylogroup I virus: its genome was not sequenced. 
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disease but then recovered when given “supportive treatment”; rabies was subsequently 

isolated from saliva collected 42, 169 and 305 days after recovery and, when she died giving 

birth to two stillborn puppies sixteen months after recovery, from the palatine tonsils53 but 

not from the brain (Fekadu et al., 1983 [abstract]).  With regard to dogs elsewhere, claims for 

carriers in China are controversial (Zhang et al., 2008; Hu et al., 2009; Wu et al., 2009). 

Similarly reports regarding one case of what was identified as a chronically infected dog in 

India are open to question (Jackson, 2007). Intriguingly, anecdotal reports indicated that the 

dogs apparently responsible for fatal infections through biting a girl about seven years 

previously in Laos, and a boy about four years prior in the Philippines, survived for at least a 

month after their attacks (Smith et al., 1991). On the other hand, Nel and Rupprecht (2007; 

see also Aghomo and Rupprecht, 1990; Warrell and Warrell, 2004) refer to cases of oulou 

fato, an asymptomatic variant of rabies in dogs identified throughout much of sub-Saharan 

Africa in the early twentieth century which was considered to be less transmissible to humans 

and may still be circulating today. Thus Aghomo and Rupprecht (1990) characterised a 

rabies-type virus in the saliva of healthy dogs in Nigeria which was antigenically distinct 

from the strain used to vaccinate dogs there but which was pathogenic after intracerebral 

injection into new-born mice. Furthermore, Cleaveland and Dye (1995) found that a 

considerable proportion of domestic dogs in areas adjoining the Serengeti National Park were 

seropositive for rabies or a related virus. Genomic studies of rabid dogs in Nigeria indicate 

that a distinct variant, Africa 2, is circulating in rabid dogs there and elsewhere in sub-

Saharan West Africa as a long-term enzootic (Nel and Rupprecht, 2007; Zhou et al., 2013; 

Dzikwi et al., 2017),54 as well as members of the Africa 1 lineages of the Cosmopolitan strain 

(Hayman et al., 2011). More recent studies on apparently healthy dogs in Nigeria have 

identified rabies antigens in the brains (Aliyu et al., 2010; Otolorin et al. 2014) as well as in 

the saliva (Mshelbwala et al., 2013); it is not clear whether the dogs would have gone to 

manifest clinical symptoms.  

Whilst cats are now recognised to be intermediaries in the spilling over of bat and 

Cosmopolitan lineages into humans with the elimination of dogs as a threat in North 

                                                        
53 Note that these lymphoid tissues (together with the adenoids and other components of Waldeyer's 

tonsillar ring), responsible for initiating innate immune responses to the presence of potential 

pathogens in the naso-oropharyngeal cavity, have been found to serve as a reservoir for other 

viruses in other species of mammal, even in the face of continuing neutralising antibody response: 

the Epstein-Barr virus (a gammaherpesvirus) and certain adenoviruses, parvoviruses and 

polyomaviruses (reviewed by Munro, 2017; see also Garnett et al., 2009). 
54 It is not clear whether the source of Zhou et al.’s virus was rabid or not.  
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America, they are relatively resistant to the virus itself (Constantine, 2009). Thus there are 

reports of “remarkable” (Jackson, 2007) individual cases where there was evidence that a bat 

rabies virus may establish chronic or recrudescent infections (Perl et al., 1977 [abstract]; 

Murphy et al., 1980 [abstract]). Whether they might have represented potential carriers is 

open to question in the apparent absence of evidence regarding viral excretion in the saliva or 

through other routes, and whether they survived because of veterinary care.   

Another feliform, the Indian mongoose (Herpestes auropunctatus), has been introduced to 

certain islands in the Caribbean based on the presumption that it would prove effective in the 

control of rodents and snakes in cane-fields; populations have been established which 

subsequently became a reservoir for various strains of the Cosmopolitan rabies virus 

circulating in the Americas as a result of spill-overs (Everard and Everard, 1992; Nadin-

Davis et al., 2008; Zieger et al., 2014). Studies on the small island of Grenada (≈ 310 km2) 

over the period 1968-1972 found that the incidence of mongooses with rabies infections 

(based on a brain fluorescent-antibody test) varied between 0.5% and 3.7%; on the other 

hand, high rates of transmission within the population were evidenced by serum neutralising 

antibodies being found in 18.9% of the animals tested (Everard et al., 1972, 1974). There was 

little evidence for transmission to domestic dogs (where there had been a vaccination drive) 

and cats or livestock as an expanded reservoir, so that spill-overs into humans were direct 

(see also Everard and Everard, 1992).55 The authors found that more than half of road-kills 

had evidence for ongoing brain infections; and that samples caught in baited traps “frequently 

found fluorescence in the brain of mongooses which apparently showed no abnormal … 

behaviour, although this was sometimes difficult to interpret in a small trap in strange 

surroundings. … The fact that these mongooses entered traps for food suggests that the 

disease had not progressed to the point of causing disorientation characteristic of attacking 

animals; nevertheless, it is presumed that they would eventually have died of rabies” (Everard 

et al., 1974). Behavioural changes associated with overt evidence for rabies infection were 

mainly of the ‘furious’ kind (see also Everard and Everard, 1992). Subsequent studies 

(Everard et al., 1981) found evidence for a progressive inverse relationship between the 

proportions of antibody-positive and rabies-positive mongooses over 1971-1974, with long-

term survival of antibody-positive individuals over a period of up to 35 months. Everard and 

                                                        
55 Vampire bats would appear to be absent (Everard et al., 1972); whilst serological studies have 

identified prior infections of a rabies-type virus in indigenous bats (mainly the frugivorous Artibeus 

jamaicensis), these cannot distinguish between the Cosmopolitan and indigenous American strains 

(Zieger et al., 2014). 
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Everard (1992) noted that the mongoose population density, whilst fluctuating, is “almost 

certainly” higher than on other Caribbean islands whence it has been introduced; Everard and 

Everard (1988) contrasted the situation regarding seroprevalence with reports for red foxes 

where only up to 8% develop immunity (and typically much less: Wandeler, 2004). More 

recently, Zieger et al. (2014) found evidence that seropositive mongooses were initially 

restricted to northerly portions of the island to spread southwards over the period 2011-2014; 

this was associated with evidence for a recent bottleneck, suggested to be the result of recent 

governmental control efforts together with the impact of hurricanes in 2004 and 2005 on the 

indigenous mongoose population.    

Unclear is the situation regarding the two subspecies of ferret badgers (Melogale moschata) 

from mainland China and Taiwan. One report for Taiwan, where the last reported case of dog 

rabies was in 1961, identified a rabies-related lineage in three sick animals submitted for 

pathological examination, and concluded from genomic analyses that there was a long-term 

“cryptic” circulation within the local ferret badger population prior to the evident outbreak in 

2013 (Chiou et al., 2014). Further surveillance of dead animals (including road-kills) 

indicated that there were geographically-distinct viral lineages on the island, consistent with 

the virus not being a recent introduction (Lan et al., 2017; Shih et al., 2017).  On the 

mainland in southeastern China, Liu et al. (2010) identified two related viral strains in the 

local subspecies of ferret badger; there was a high seroprevalence amongst the live animals 

tested (69.6%; cf. 18.2% for dogs), and one of 56 brain samples was rabies-positive. The viral 

strain in the mainland population was different from that in other local fauna, including dogs 

where a new clade is emerging (Wang et al., 2014). Taken at face-value, the Taiwanese 

findings might suggest the recent emergence of a more virulent strain, but this presumes a 

constant, consistent background surveillance over a decade or more prior to the observed 

outbreak. Interestingly, Troupin et al. (2016) found that the evolutionary rates of the rabies 

strain in these, like that in African mongooses, was twice as fast as that for strains of dog 

rabies.  

ii. Possible Human Cases Whilst rabies is generally considered to be invariably fatal in 

humans, as with other animals there are reports of exceptions as evidenced by recovery from 

signs of illness and/or neutralising antibodies in the brain or cerebrospinal fluid (Fekadu, 

1991). Some serological evidence suggests the possibility of aborted infections, recalling 

evidence that bites to the legs, in particular, are least likely to cause active infection for 

whatever reason (see Section III.2). Thus Jackson (2007) has reviewed evidence for low titres 
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of rabies virus-neutralising antibodies having been found in seven of 20 Canadian Inuit 

hunters and two of 11 of their wives; and in five of 30 Florida raccoon hunters, but not in a 

control group of other hunters; and in 6.6% (15 of 226) of unimmunized students and faculty 

members of a veterinary medical school at the inception of a rabies vaccine trial. It was 

concluded that low-level exposure to rabies virus under natural conditions might have led to 

immunity, without the occurrence of clinical disease. 

Associated with a recent outbreak of the furious form of the disease from a vampire bat strain 

of rabies in two isolated villages in the Peruvian Amazon, Lopez et al. (1992) found low 

levels of rabies-neutralising antibodies56 in seven of the 48 healthy relatives of the victims 

(the only individuals tested), although the authors considered that this was a result of non-

specific cross-reaction. Similarly, a more recent study by Gilbert et al. (2012) of villagers 

from the Peruvian Amazon found that rabies lyssavirus neutralising antibodies were 

detectable in seven of 63 samples (three with a titre > 0.5 IU/ml), all but one of whom 

reported having been previously bitten by bats (presumably vampires). This indicates 

nonfatal previous exposure to rabies, including a recent one where the sample had IgM 

antibodies against rabies lyssavirus ribonucleoprotein, but neither IgG antibodies against this 

nor neutralising antibodies. As the authors note, these results are difficult to interpret: they 

could reflect one or more of the effects of multiple bites which individually did not lead to 

infection; the circulation of a less pathogenic variant in bats in the region; or natural selection 

of individuals who were resistant to the typical rabies lyssavirus (Gilbert et al., 2012). 

iii. The Case of Some Spotted Hyenas East et al. (2001) found evidence that a separate strain 

of rabies lyssavirus was circulating in spotted hyenas (C. crocuta) in the Serengeti National 

Park in Tanzania, East Africa. In contrast to another population in Ethiopia at least, the strain 

involved was distinct from that in the park’s canids and other carnivorans. About a third of 

hyenas from three large groups (‘clans’: Hofer and East, 1995)57 sampled over a period of 9-

13 years were seropositive based on a neutralising test using a WHO rabies standard, with 

evidence that titres decreased over a period of months. Of these, viral sequences were 

identified (but no virus isolated) in the saliva of only about a half of individuals, indicating 

that the others had recovered from prior infection. There was no apparent effect on the long-

term survival of animals which had previously tested seropositive. Moreover, although there 

                                                        
56 0.14-0.66 IU/ml, median 0.18; the generally accepted minimum value for protection in humans is 

0.5 IU/ml. 
57 Members of these ‘commute’ outside their normal home range during the migratory seasons of 

potential prey in order to forage for food (Hofer and East, 1985). 
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were no clinical signs of typical rabies infection in any hyenas, brain samples from animals 

which had died of other causes indicated that about a tenth of these contained evidence for 

rabies RNA sequences, although again tests with mouse cell-lines proved negative. It was 

concluded that frequent social interactions – especially involving higher-ranking members – 

within the large clans, including biting and licking, sustained a non-pathogenic strain of 

rabies lyssavirus (East et al., 2001).  

On the other hand, more recent studies have failed to repeat East et al.’s findings for C. 

crocuta in the same general area. Thus Lembo et al. (2007, 2008; see also Cleaveland et al., 

2008) found that only site-specific variants of a single strain of the Cosmopolitan clade 

(Africa 1b) were circulating amongst the diversity of carnivoran species in the Serengeti area 

(in contrast to the largely species-specific pattern seen in the United States, where there is 

less species diversity), as a result of dead-end or sputtering spill-overs from dogs, whence the 

original infection was introduced (Nel and Rupprecht, 2007) and which serve as the 

maintenance hosts as a result of their rapidly expanding population densities (due to their 

early reproduction and high birth-rates: Hampson et al., 2009). 58  Of the 41 C. crocuta 

sampled, four were infected with the Africa 1b strain and exhibited typical symptoms of 

infection; Lembo et al. (2007) considered East et al.’s (2001) finding of a different strain 

“difficult to explain”, although this might be related to the populations sampled.59 More 

recently, a ten-year survey by Prager et al. (2012) reached a similar conclusion regarding the 

role of dogs as a reservoir in northern Kenya. On the other hand, to further confound the 

picture, a study of otherwise healthy African lions (Panthera leo), African wild dogs (Lycaon 

pictus) and C. crocuta in two Zambian National Parks found that 40% of lions, but none of 

the other two species, were positive for rabies virus neutralising antibodies (Berentsen et al., 

2013).  

                                                        
58 Rabies was seemingly eliminated as a threat to wildlife on the Serengeti through dog-vaccination 

programmes between 1954 and 1978 (Cleaveland et al., 2008); however the early reproduction and 

rapid turnover of dog populations means that vaccination drives need to be regularly repeated 

(Hampson et al., 2009). 
59 However one basis might be differences in sampling locations, and the associated influence of 

population densities for the reservoir of dogs. Thus, in contrast to East et al. (see Hofer and East, 

1995), Lembo et al. sampled spotted hyenas outside the National Park itself, with analyses based on 

“brain stem samples … collected from suspect rabies cases and carnivore carcasses, whatever the 

apparent cause of death.” Dog densities were highest to the northwest of the Park, in Serengeti 

district, and lower to the east, in the Ngorongoro district (and presumably lowest in the Park itself), 

with evidence that the maintenance of rabies depends on host densities being at least 5 dogs/km2 

(see also Cleaveland and Dye, 1995), consistent with other studies emphasising densities of dog 

being the primary factor (Knobel et al., 2007). 
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Other serological studies (Harrison et al., 2004) have identified antibodies against canine 

distemper virus (see also Prager et al., 2012)60 and a variety of feline viruses in C. crocuta. 

Given their feeding behaviour, which includes scavenging, it might be expected that they 

would be exposed to infections (or at least subthreshold doses of pathogens) from deceased 

animals which had escaped being predated upon opportunistically by other species whilst 

succumbing to rabies or other diseases. Presumably related to this, an analysis of the genes 

for the major histocompatibility complex61 in these and striped hyenas found evidence for 

positive selection of various loci, which was suggested to reflect their feeding on carrion 

(Califf et al., 2013). 

6. Conclusions   

Stereotypically, rabies and, where studied, other lyssaviruses have the ability to infect 

terrestrial mammals through a sophisticated mechanism involving taking over the central 

nervous system and influencing the behavioural output of its present host in order to try to 

maximise the chances of daughter virions being passed on to new hosts through salivary 

output downstream of the autonomic nervous system. Thus, for example, a study on raccoons 

suggested that selection of the bat-derived variant now enzootic in this species may have been 

related to its pathogenicity (Hamir et al., 1996): animals inoculated with a virus isolated from 

a conspecific died suddenly or developed more severe ‘furious’ symptoms than those 

receiving a Latin American canine isolate, although the latter developed clinical symptoms 

earlier. This was associated with differences in the evident extent of the central spread of 

infection when animals were sacrificed: whilst those given the canine strain showed evidence 

for infection of the brainstem, this also included the cerebrum as well as various outputs 

associated with the autonomic nervous system in those receiving the enzootic strain. It was 

suggested that the latter strain had evolved to be better able to circumvent its hosts’ immune 

system and thereby establish an ultimately more productive infection (in terms of behavioural 

as well as virile output), in order to maximise the chances for onward transmission to new 

host individuals given the pending demise of the existing one. More generally, Hanlon et al. 

(2013; see also e.g. Streicker et al., 2010; Mollentze et al., 2014; Marston et al., 2018) have 

argued that each species-specific strain has evolved to become adapted to their particular host 

species in terms of being able to establish a productive infection which can be transmitted on 

                                                        
60 This virus causes high mortalities in spotted hyena cubs (East et al., 2001). 
61 An important initial component of the innate immune system. 
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to new hosts before the present one succumbs: there is a need to strike a balance between 

virulence and the potential for onward transmission. 

Moreover, different lyssaviruses may use different acceptors in order to gain access to their 

prefered target cells (Weir et al., 2014). For example, whilst the glycoproteins of the rabies 

virus and European bat lyssavirus type 2 interact with the low-affinity nerve-growth factor 

receptor p75NTR (a membrane protein found on many synapses as well as in a variety of other 

tissues including muscle and salivary glands), this is not the case with those of the Australian 

bat virus, European bat lyssavirus type 1, Duvenhage virus, Lagos bat virus and Mokola virus 

(Tuffereau et al., 2001). However, the possible effect of differences in the structure of this 

neurotrophin receptor in the natural host aside, p75NTR is not essential for successful infection 

by rabies viruses (Tuffereau et al., 2007). Moreover, the fact that this receptor is not found at 

the neuromuscular junction suggests that any role it may play in the initial infection of the 

nervous system is mediated by sensory projections (Lafon, 2005). 

Experimental studies involving intramuscular inoculations typically only involve one 

particular target site for the convenience of the investigators. However, as noted above 

(Section III.2), both the incidence of natural infections and the speed of development of 

clinical symptoms would appear to be dependent on the distance of inoculation from the 

central neuraxis. It is not clear what factors might influence where more distant inocula are 

more likely to be less effective (Jackson, 2007): one possibility might be related to the 

relative densities of nicotinic cholinergic receptors in muscle tissues (suggested to be a factor 

in accounting for species-differences in susceptibility: Baer et al., 1990) as a means for 

initially boosting the original inoculum. 

Studies on naturally-infected dogs indicate that there is the need for these to exceed a certain 

minimum population density in order to sustain an infection; and that this depends on the 

behaviour of individual animals (including their human owners in the case of household 

dogs), both normally and after active infection (Brunker et al., 2012). Whilst a spill-over into 

red foxes was associated with the appearance of a new strain which initially radiated 

outwards from its original locus, with die-offs of many in local populations, this was 

followed after a time-lag by sporadic occurrences in the population in its wake as they 

recovered in numbers (Wandeler, 2004). The introduction of a typical rabies virus into a fully 

susceptible new host population would rapidly die out with those it infected where the host 

population is relatively small and isolated (Bingham, 2005). Presumably the successful 

establishment of a rabies strain in such a population would require that it be relatively less 
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virulent in the sense that it is less lethal to its new host species, so that a reservoir can be 

established and maintained: this might be the case for the strain in mongooses on Grenada for 

example, and also for hyenas in dog-free portions of the Serengeti. Thus the small isolated 

Afroalpine populations of the Ethiopian wolf (Canis simensis) are threatened with 

extinction62 partly as a result of the recent spread of the Cosmopolitan strain of the rabies 

virus (Randall et al.. 2004; Nel and Rupprecht, 2007), leading to attempts to vaccinate wild 

populations as a control measure (Knobel et al., 2007). 

‘Less lethal’ might, on the one hand, be a result of (pre-adapted) genetic variability in host 

susceptibility (Scott and Nel, 2016) and the potential for natural selection for more resistant 

individuals (and thus either milder or abortive infections). This might be through properties 

of the innate immune system (Srithayakumar et al., 2011, 2014; Kyle et al., 2014) or other 

factors which lead to either a much more prolonged and variable (trans-generational) latent 

period;63 or to active infection, but with milder symptoms and subsequent recovery. Where 

recovery occurs, individuals might transit to become potential carriers if the infection is not 

completely cleared by the immune system and the virus is able to hide in immune-privileged 

tissues from where it can re-emerge for potential onward transmission at a later date.  

Alternatively, or in addition, ‘less lethal’ might reflect the particular (sub-) lineage of the 

virus involved, including its ability (or otherwise) to quell the apoptotic response of the host. 

Experiments with ‘fixed’ strains which arise in vitro indicate that attenuated versions of the 

original street virus could potentially evolve and be selected for in such situations; 

furthermore, the case of the SHBRV suggests that alternative viral strategies have evolved in 

the wild. This will be considered further in Section V.2. 

Although East et al.’s study failed to identify actual viruses in the saliva of spotted hyenas, 

Jackson (2007) considered that this “interesting report really changes our perspective on the 

ecology of less virulent viral variants and is an exception to the old dogma that rabies virus 

kills the great majority of exposed individuals. It is likely that in the future we will learn that 

under some circumstances the situation is similar in other species, including bats.” This may 

include the influence of genetic differences, including for the functioning of the innate 

immune system (Scott and Nel, 2016). The latter group of mammals is the topic of the next 

                                                        
62 http://www.iucnredlist.org/details/3748/0: compounding the effects of habitat loss and other more 

direct human pressures.  
63  Thus, as noted above, infectivityhas been correlated with the relative densities of nicotinic 

cholinergic receptors in muscle tissue of a particular species (Baer et al., 1990), and thus 

presumably amongst and within individuals depending upon different muscles.  

http://www.iucnredlist.org/details/3748/0
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section, where there is also evidence of findings in natural populations reminiscent of the 

limited studies on mongooses on Grenada and ferret badgers in East Asia.  

IV. Lyssavirus Infections in Bats 

As noted above, bats are generally considered to have been the original reservoir, given that 

molecular techniques have found evidence for a variety of members of the genus Lyssavirus 

in various species of Old World bats. On the other hand, whilst members of the type species 

Rabies virus have generally not been identified in Old World bats, a distinct indigenous 

American clade has been identified in a diversity of bats in the New World (see Section II).  

The following will first consider studies of lyssaviruses circulating in the wild, based on 

passive and active surveillance techniques; this is followed by a brief review of the results of 

experimental studies; and then a consideration of how the results of these different 

approaches have been integrated in an effort to understand the dynamics of these viruses in 

natural populations.  

1. Field Evidence for Bat Infections with Rabies and Related Viruses  

In the absence of the ideal of isolating the virus itself as evidence for current infections, this 

may involve the use of antisera to detect the presence of particular viral epitopes (more-or-

less specific to particular species of Lyssavirus), often in neutralising tests; or, more recently, 

probing for evidence of particular genomic ‘signatures’ for one or more of these viruses. 

Such tests are limited to oropharyngeal swabs and blood samples in cases where bats are 

released after sampling; otherwise, the brain, salivary glands and perhaps other tissues may 

also be sampled. A general problem is that small species will only yield proportionately 

smaller samples of saliva and blood. 

i. Evidence for ‘Clinical’ Infections The classic approach has been passive surveillance, 

doing a post hoc determination of whether a rabies-related virus may be associated with the 

deaths of bats in a particular population (e.g. Schatz et al., 2012). In addition, other indicators 

might include abnormal behaviours prior to death: as in other mammals, bats terminally 

infected with rabies may develop a ‘paralytic’ form of the disease, where they land on any 

stationary object; or a ‘furious’ form where they are hypersensitive to environmental stimuli, 

including approach and handling (Constantine, 1967; Kuzmin and Rupprecht, 2007; Vos et 

al., 2007; Banyard et al., 2011). Thus many cases of human infections in the United States 

result from attacks by rabid solitary bats, often occuring in response to noise and especially 
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during the day, being swift and unexpected; however the behavioural changes can be difficult 

to detect clinically, since normal bats are themselves very sensitive to threats (Constantine, 

2009). Paralytic infections would seem to be characteristic of gregarious bats in large 

colonies, whilst the furious form is more associated with solitary species (Kuzmin and 

Rupprecht, 2007; Constantine 2009; Banyard et al., 2011), possibly related to the fact that 

different clades of virus are enzoonts (Davis et al., 2006). 

Studies on Tadarida brasiliensis mexicana (family Mollosidae),64  a species which can form 

huge roosts in caves, indicate that about 10% of sick and dead bats tested positive for rabies, 

compared with a background infection of 0.1-0.5% in apparently healthy bats (Constantine 

2009). On the other hand, about 90% of T. b. mexicana found grounded underneath a small 

bridge roost had detectable rabies virus in their brains (with antigen also being detected in the 

salivary glands of 69% of these); assays for the presence of neutralising antibodies found 

these in a proportion of both rabies-positive and -negative bats, and it was concluded that a 

variety of variants which differed in their pathogenicity were circulating in the population 

(Davis et al., 2012a). Nevertheless, in a review of causes of bat mass-mortalities,65 O’Shea et 

al. (2016a, b; see also Messenger et al., 2003) concluded that there was no definitive 

evidence for rabies being the underlying cause either of a large die-off of T. b. mexicana in 

Carlsbad Cave in Texas or of mortalities of other colonial bats elsewhere in the United States: 

if involved, any infection was likely to be superimposed upon the effects of various 

environmental stressors (see also Constantine, 2009; Wang et al., 2011). However this lack of 

evidence for mortalities may reflect sampling problems: Constantine (2009) considered that 

most rabies cases in bats go unnoticed because they die in sheltered roosts or fall in dense 

vegetation. Moreover, to save energy when hanging in a roost, the hind feet of bats have a 

locking mechanism which, in contrast to other mammals but like that of perching birds, keeps 

their toes flexed around a substrate;66 thus those which succumb while roosting may be 

unlikely to drop dead until they have been sufficiently recycled by dermestid beetles and their 

larvae or other scavengers.  

In contrast to the general view that the rabies virus is not found in Old World bats (see 

Section II.2), Lu et al. (2013) found evidence from a survey of sick and dead bats in Guangxi 

                                                        
64 Two subspecies of the free-tailed bat – T. b. brasiliensis and T. b. mexicana – have typically been 

recognised; the latter is found in Mexico and much of the southern and western portions of the 

United States (Russell et al., 2005; cf. http://www.iucnredlist.org/details/full/21314/0). 
65 Defined as “cases in which ≥ 10 dead bats were counted or estimated at a specific location within a 

maximum timescale of a year, and more typically within a few days or a season”. 
66 https://animals.howstuffworks.com/mammals/question668.htm  

http://www.iucnredlist.org/details/full/21314/0
https://animals.howstuffworks.com/mammals/question668.htm
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Province in southern China (no information was presented regarding species composition) for 

isolates related to the standard rabies virus (two of the ten had high homologies with Guangxi 

street rabies viruses) in 85 of 2,969 bats.67 However, these data provide no evidence that such 

infection was the cause of mortality: the fact that only 2.86% were infected suggests that this 

reflects background rates unrelated to the cause of death.  

Regarding other lyssaviruses, the only apparent evidence is for such a die-off in a species of 

fruit-bat in southern Africa which was associated with infection by Lagos bat lyssavirus 

(reviewed by O’Shea et al., 2016a).  

The results of passive surveillance need to be interpreted with caution, since they depend on a 

constant level over time. Thus there has been an apparent dramatic increase in reports of 

rabies-infected bats in the United States; however this reflects increasing public awareness, 

since the proportion of bats submitted which test positive has remained constant (Constantine 

2009). 

ii. Evidence for ‘Subclinical’ Infections This is based on samples of apparently healthy bats 

from active surveillance of a population. Depending in part on legal restrictions, sampling 

may be limited to testing blood for (neutralising) antibodies and oropharyngeal swabs for 

intact virus or target RNA sequences. In cases where the animal is sacrificed, viral tests are 

also applied for the brain and salivary glands, and also other tissues in some cases. Results 

may be biased by the size of bats: serum samples are likely to be limited for smaller species. 

Baer and Smith (1991) have reviewed evidence for the apparent paradox that rates of ongoing 

infection were lower in gregarious than in solitary species of North American bats. They 

noted that this could reflect sampling bias as a result of differences in susceptibility to capture 

but, on the other hand, colonial species had high rates of seroprevalence.  

Sampling of apparently healthy bats in North America indicates that the numbers of brain-

infected bats showed biennial peaks in migratory species, whereas there was only a single 

peak in those non-migratory species studied (Kuzmin and Rupprecht, 2007; Constantine 

2009).  This was superimposed upon evidence for a much higher level of seroprevalence, 

taken to imply ‘failed’ infections. Thus, in the case of T. b. mexicana, up to 80% may be 

seropositive, compared with a background infection of 0.1-0.5% in apparently healthy bats. 

Serological studies on North American bats indicate that transmission rates may often be 

                                                        
67 Inoculation tests in mice were inconclusive, with no evidence for clinical signs of rabies (suggested 

to be because the short duration of the experiments), although some virus could be detected in 

response to up to ten blind passages in suckling mice for about a quarter of the extracts tested. 
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highest in maternal roosts, suggested to be timed to ensure onward infection of the 

immunologically-naïve next generation (e.g. George et al., 2011). Thus Steece and Altenbach 

(1989) found that, on the one hand, less than 1% of adult females in a maternal roost of T. b. 

mexicana had detectable rabies virus68 in the brain and only 2% had detectable IgM in their 

blood compared with 69% for IgG; on the other, 2% of juveniles had detectable virus overall, 

with a marked peak in August after levels of (presumably maternally-derived) IgG had fallen 

and associated with the start of a rise in IgM levels; the authors concluded that the juvenile 

bats thereafter recovered from infection based on the high levels of adult seropositivity.  

An extensive survey of seven other species of insectivorous bats – five colonial and two 

which were solitary and migratory – found varying rates of neutralising seroprevalences in 

the absence of any detectable virus in oropharyngeal swabs which could not be related to the 

host species’ lifestyles (Bowen et al., 2013), despite their viruses belonging to different 

clades (Davis et al., 2006). It was concluded that exposure to rabies virus is common in 

diverse bats, with infections leading to an acquired immune response and failing to progress 

to clinical disease, perhaps as a result of (repeated) exposure to sub-threshold doses. 

Two types of European bat lyssavirus have been identified as circulating in western and 

central areas, with limited overlap in geographic distribution and apparently different 

reservoir host genera; moreover, there is no evidence that the most abundant bat species in 

the region (Pipistrellus pipistrellus) is a natural host for either virus species (Vos et al., 

2007). Eptesicus spp. have been identified as the reservoir for the more widely distributed 

European bat lyssavirus type 1, although the virus has been identified in a variety of other 

genera of insectivorous bats (reviewed by Banyard et al., 2011; McElhinney et al., 2013).69  

Pérez-Jordá et al. (1995) showed that there was an annual variation in the presence of 

antibodies against European bat lyssavirus type 1 in four colonies of Eptesicus serotinus70 in 

southern Spain, with a post-hibernation spring-time peak of 74% in one of the colonies before 

rapidly falling back to less than 10% (with only low titres, at most, in tagged individuals). A 

                                                        
68 The enzootic virus is close related to that in D. rotundus, somewhat more so than is that of T. b. 

brasiliensis (Kuzmina et al., 2013). 
69 There is evidence that European bat lyssavirus type 1 may also be transmitted to captive collections 

of African fruit-bats (Rousettus aegyptiacus); whilst this was first detected as a result of mortalities, 

subsequent analyses of the rest indicated that many were seropositive and had presumably survived 

infection (Ronsholt et al., 1998; Wellenberg et al., 2002). 
70 This would seem likely to be Ep. isabellinus instead: the latter has been distinguished from Ep. 

serotinus based on genomic characteristics (Juste et al., 2013), with a range which encompasses the 

southern Iberian peninsula and adjoining areas of North Africa  
(http://www.iucnredlist.org/details/full/85200107/0; cf. http://www.iucnredlist.org/details/full/7911/0). 

http://www.iucnredlist.org/details/full/85200107/0
http://www.iucnredlist.org/details/full/7911/0
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five-year-long study of 19 maternity colonies of Ep. isabellinus in southern Spain (Vázquez-

Morón et al., 2008) found that the virus was present in 2.8% of 1225 oropharyngeal swabs, 

with no effect on body condition; one bat remained positive when captured again one week 

later, whilst another was negative three years later. Antibodies were detected in 9.3% of 549 

samples, including in two of 22 bats with RNA-positive swabs. There was little evidence for 

movements between the 19 colonies and different between-year patterns of circulating virus 

were seen amongst these, indicating that there were no common underlying epidemiological 

factors.  

A seroprevalence for European bat lyssavirus type 1 has also been found in other Spanish 

breeding colonies where Eptesicus spp. were infrequent (Serra-Cobo et al., 2002, 2013; 

Amengual et al., 2007; López-Roig et al., 2014); Mi. schreibersii,  My.  myotis,  Tadarida  

teniotis and Rhinolophus ferrumequinum included individuals with a positive antibody 

response but not any of the other species including Ep. serotinus itself. A study of two 

discrete colonies over 12 years (Amengual et al., 2007) found that there was generally a 

seasonal variation in seroprevalence with a peak in July when maternity colonies typically 

formed; there was no evidence for gender- or age-related differences. Some individuals were 

seropositive for more than a year (assuming this was not due to recurrent infections), with 19 

bats subsequently becoming seronegative at least one year later. Differences between years in 

seroprevalence were not associated with evidence for differences in mortality rates. Two of 

17 bats found dead were positive for viral nucleoprotein RNA but not for the virus itself. 

Tests of 426 blood clots for viral nucleoprotein RNA found a prevalence of 4.72%; two of the 

20 were also seropositive.   

There is also serological evidence for prior infection with another phylogroup I member, 

Duvenhage virus, in an insectivorous bat (Nycteris thebaica)71 in Swaziland (Markotter et al., 

2013).  

In phylogroup II, the Lagos bat virus has received most attention. Two species of fruit-bat, 

Eidolon helvum and Rousettus aegyptiacus, are likely to be the main reservoir despite the 

general failure to detect viral RNA in those tissues sampled (see above; Schneeberger and 

Voigt, 2016), 72  although other species of mainly fruit-bats have also been found to be 

                                                        
71 The species identified as the likely source of a prior human spill-over in Zimbabwe. 
72 Kuzmin et al. (2008c) identified the virus in one dead Ei. helvum (itself seropositive with virus in 

the saliva) but not in live samplings of 440 of these and Ro. aegyptiacus, where there was a 

seroprevalence of 40-67% and 29-46% respectively. On the other hand Freuling et al., (2015) 

identified Lagos bat virus lineage A in one of an unstated number of brain samples of Ei. helvum 
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seropositive (Hayman et al., 2008; Dzikwi et al., 2010; Kalemba et al., 2017). Whilst Ei. 

helvum roosts during the day in trees, the ability of Ro. aegyptiacus to echo-locate means that 

it does so in caves, raising the question of whether and how the virus may be shared between 

these two species (Kuzmin et al., 2008c); one possibility might be that this occurs in so-

called ‘night roosts’ to consume fruit and for pregnant and lactating females to rest (Kunz, 

1982). 

Most studies have focussed on Ei. helvum, a species which is found throughout sub-Saharan 

Africa and makes migrations – up to more than 2,500 km in about five months (Hayman et 

al., 2012a) – tracking the seasonal abundance of fruit (Richter and Cumming, 2006).73 Thus 

there is a continent-wide exchange of genetic information as a result, associated with 

serological evidence for an exchange of various viruses for this species in Ghana and 

elsewhere in its range (Hayman et al., 2008; Peel et al., 2013). In Ghana, Hayman et al. 

(2012b) found a high seroprevalence of antibodies against Lagos bat lyssavirus, more 

especially in mature bats than in juvenile or sexually immature ones and in females more than 

males, despite there being no evidence for viral RNA in those tissues sampled.74 There was 

no difference in the survival of seropositive and seronegative bats over an 18 month 

longitudinal study. Similarly, a radio-telemetry study with one female Ei. helvum from a roost 

in Accra which had neutralising antibodies against Lagos bat virus and also (the first report 

for this species) antibodies against Zaire ebolavirus found that the bat, having left the area in 

the meantime during the wet season, returned and survived for at least 13 months before 

apparently leaving again at the start of the next wet season (Hayman et al., 2010). Hayman et 

al. (2012b) concluded that viral infection may occur seasonally and/or elsewhere, perhaps 

related to reproduction and migration to unknown maternity roosts; and that viral infection 

may persist in another, untested (possibly immune-privileged) tissue. A subsequent study by 

Suu-Ire et al. (2017) found that there was a continued high seroprevalence for neutralising 

antibodies, although they found no difference between juveniles and adults,75 or between wet 

and dry season samples. Other such studies affirm that infection is not generally associated 

                                                                                                                                                                            
from Ghana without evident signs of disease; virus neutralization tests using the isolate with sera 

from the same group of bats found a seroprevalence of 74% for 567 animals, in a greater proportion 

of adults than in juveniles. 
73 http://www.discoverwildlife.com/animals/fruit-bats-africas-greatest-mammal-migration  
74 Wright et al. (2010) found that, of the 56% of Ei. helvum which had virus-neutralising activity 

against Lagos bat virus in Ghana, a large proportion also had such activity for Mokola virus whilst 

an additional smaller number were also seropositive for West Caucasian bat virus instead; however 

they considered that this was most likely due to crossreactivity. 
75 Note that there is a typographical mistake in their Table 2. 

http://www.discoverwildlife.com/animals/fruit-bats-africas-greatest-mammal-migration
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with mortality, including evidence for sustainable viral circulation in an isolated island 

population (Peel et al., 2013). 

With regard to the Shimoni bat virus in Kenya, a relatively high rate of seroprevalence was 

found in the insectivorous hipposiderid H. commersoni (from which the virus had previously 

been isolated: Kuzmin et al., 2010), as well as in a higher proportion of two of the three 

species of fruit-bat tested, Ro. aegyptiacus (which roosted in the same caves) and Ei. helvum 

(Kuzmin et al., 2011). In contrast, only a small proportion of H. commersoni were 

seropositive for Lagos bat virus, compared with almost half of each of the two species of 

fruit-bat; interpretation of the results is complicated by some degree of cross-neutralisation of 

sera between the two viruses, reflecting their relatively close relationship. There is also 

serological evidence that Shimoni virus is one of the variety of lyssaviruses circulating 

amongst bats in Nigeria (Kia et al., 2014). 

Similarly, there is serological evidence for West Caucasian bat virus or a related phylogroup 

III species in Miniopterus spp. in East Africa (Kuzmin et al., 2008d).  

Although no lyssaviruses have been isolated from Southeast Asian bats or those in southern 

China,76 with only potential partial sequences in a study of the latter (Wu et al., 2015a, b), 

there is serological evidence of prior exposure to lyssaviruses in fruit-bats from Cambodia 

(Reynes et al., 2004) and these and other bats elsewhere in the region (reviewed by Banyard 

et al., 2014a; A. D. Munro, in preparation). Whilst two humans in northeast China died from 

a rabies-type disease which apparently spilled over from bats, this is likely to have been from 

the Irkut bat lyssavirus, another phylogroup I species isolated from ‘Murina leucogaster’ 

there and in eastern Russia (Wang et al., 2014).   

Where tested, virus has been detected in tissues other than the brain and salivary glands. 

Constantine (1967: cited by Kuzmin and Rupprecht, 2007) isolated rabies virus from various 

tissue samples from 130 naturally-infected T. b. mexicana collected from Texan caves: whilst 

all of those from the brain had detectable virus, positive results were also obtained for 

salivary glands (79%), lungs (30%) and kidneys (12%); other tissues were tested for a subset 

of 50 of these, where virus was detected in brown fat in two whereas liver, spleen, pectoral 

muscle, intestines and  faecal  pellets were all negative. Other studies include one of 

naturally-infected vampire bats in northeastern Brazil, where viral RNA was found in lung 

tissues, as well as the uteri and placentae of some pregnant females (Carneiro et al., 2010). 

                                                        
76 With one apparent exception of the rabies virus, noted above: Lu et al. (2013). 
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More recently, a sample of 26 non-hematophagous bats (half of them Artibeus lituratus, a 

frugivore; the rest were various species of insectivorous bat) submitted for testing in São 

Paulo state found that, apart from all brain and salivary gland samples being positive with 

PCR analyses for a vampire bat-related rabies virus, all other tissues tested were also positive 

in some individuals, with some evidence for differences between A. lituratus and the others 

(Allendorf et al., 2012). Thus a high proportion of positive results (> 60%) was obtained for 

samples of the tongue and the lungs; for the stomach and, in A. lituratus, the intestines (cf. 

40% in the faeces of these and the other bats); and for the bladder and, in A. lituratus, the 

kidney (cf. 40% for other bats).  

Regarding other lyssaviruses, there is growing evidence that the tongue may be a major target 

in naturally-infected bats based on PCR analyses, as found by Allendorf et al. (2012). 

Amongst other phylogroup I viruses, there is evidence for European bat lyssavirus type 1 in 

various species (Serra-Cobo et al., 2002); and for type 2 in naturally-infected My. 

daubentonii (Johnson et al., 2006a). Similarly, in group II, high concentrations of Lagos bat 

virus were detected in the tongue of a rabid Ei. helvum, as well as in oral and nasal swabs 

(Kuzmin et al., 2008). In anticipation of the following section, experimental infection of Ep. 

serotinus with European bat lyssavirus type 1a resulted in evidence for the infection of the 

taste buds and associated epithelial cells as an alternative route for viral shedding after 

intracranial injection in a bat which died of infection (Freuling et al., 2009); it is intriguing to 

speculate that this might also be an alternative means for infection in the first place and, if so, 

could even serve as a positive feedback loop to boost infections when viral excretion by the 

salivary glands is low.  

Concerning the urinary system in naturally-infected bats, there is evidence amongst other 

phylogroup I viruses for European bat lyssavirus type 2 in the bladder of My. daubentonii 

(Johnson et al., 2006a). For Lagos bat virus (group II), antigen was restricted to the 

innervation of the bladder of an Ei. helvum, considered to exclude the urine as a route for 

viral excretion (Kuzmin et al., 2008). In the case of group III viruses, there was evidence for 

Bokeloh bat lyssavirus in the kidney and bladder of My. nattereri, although only as trace 

amounts of viral RNA (Picard-Meyer et al., 2013). 

Regarding the lungs, there is evidence amongst other phylogroup I members for European bat 

lyssavirus type 1 in these and the upper respiratory tract in various species as a result of 

natural infection (Serra-Cobo et al., 2002). In the case of group III viruses, there was trace 

evidence for Bokeloh bat lyssavirus in My. nattereri (Picard-Meyer et al., 2013). 
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2. Experimental Studies with Rabies and Related Viruses in Bats  

Caveats considered above regarding in vivo studies on terrestrial mammals (see Section III.4) 

apply equally to bats; there would appear to be no in vitro studies. Thus differences in dosage 

of viruses, together with their origin and prior passage history in tissue culture, without any 

standardisation, confound making any but the broadest generalisations; as does the history of 

the bats being tested and whether they had previously been exposed to virus in the wild 

(Banyard et al., 2011). Also, as noted above, there is the problem of interpreting serological 

studies in the absence of any rigorous standardisation of assay protocols to make it possible 

to compare results from different laboratories (Baker et al., 2014; see also e.g. Freuling et al., 

2009, 2015).  

Moreover, there is the need for caution in interpretation, since the bats may be stressed due to 

the unnatural holding and associated husbandry conditions (Constantine, 1967, 2009; 

Freuling et al., 2009), although the latter authors suggested that the regular provision of food 

under captive conditions would alleviate stress for laboratory-adapted animals. Based on 

laboratory studies with plasma glucocorticosteroids as the proxy for assessing stress, 

circulating basal hormone levels were unusually high in established captive colonies of two 

species of megachiropteran (Old World) fruit-bats tested as compared with three species of 

neotropical microchiropterans, comprising captive colonies of two species of frugivore and 

one species of insectivore sampled in the wild (Widmaier et al., 1994); levels were further 

elevated by handling stress, together with that of adrenocorticotropin (ACTH: a major 

regulatory control of their secretion, with pre-stress levels which were typical for other 

mammals) in the fruit-bat Pt. hypomelanus. In the absence of information regarding the 

feeding of captive colonies, it is not clear whether elevated levels of corticosteroids are the 

result of a generalised stress response or perhaps problems with the availability of amino 

acids and the need for catabolic recycling.77 In turn, activation of the pituitary-adrenocortical 

axis might be expected to impair immune function, unless compensatory countermeasures are 

taken.  

                                                        
77 Studies on vampire bats caught in the wild indicate relatively high ‘baseline’ levels of glucorticoids 

(the duration of time in the net before sampling is a confounding factor) and a very high 

responsiveness of these to ACTH compared with a frugivorous species of phyllostomid bat and 

other mammals, which was suggested to be diet-related as a result of the need for D. rotundus to 

mobilise reserves at times when foraging proves suboptimal (Lewanzik et al., 2012); this is over 

and above evidence for genomic and microbiomic evidence for positive selection for the ability to 

handle the problems associated with their nutrient-poor, potentially pathogen-rich diet in the first 

place (Zepeda- Mendoza et al., 2018). 
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Experimental studies on the effects in Brazilian vampire bats of a rabies virus, isolated from a 

naturally-infected conspecific and injected intramuscularly, indicated that there was evidence 

for a dose-dependent effect on bat mortality over a tenfold stepwise range  from 102-105 

MICLD50 (mouse intracerebral lethal dose for 50% mortality), with the lowest being 

ineffective and the highest leading to six of ten recipients succumbing; survival times for 

those which died were negatively correlated with dose (Almeida et al, 2005). Rabies virus 

was detected in all of the ten bats which died (eight as a result of the paralytic form, with 

none showing the furious one),78 as well as in the salivary glands of 40-60% of them, the 

latter depending on the virus test-procedure used. All apart from one of the survivors on the 

lowest dose showed virus-neutralising activity on day 30 – by which time all of the highest 

dose mortalities (6/10), as well as half of each of those resulting from the two intermediate 

doses (1/10), had occurred – which decreased thereafter with evidence for a variability in 

antibody response not related to the original dosage.  

Another study, on vampires from Mexico (Aguilar-Setien et al., 2005), reported that 11 of 14 

bats receiving a higher dose (106 MICLD50) of another vampire bat variant succumbed within 

30 days of inoculation without any evidence for virus in their saliva; on the other hand, the 

other three remained healthy for at least two years thereafter, with virus being transiently 

isolated from the saliva early on – once in two at six days after injection and at 21 days in the 

third.79 The authors suggested that, in the lack of any knowledge about the history of the 

recipients, the survivors might have benefited from an anamnesistic response to a previous 

infection.     

Vampire bat variants have also been used to determine their infectiveness in other bats, as 

presumed by some hypotheses regarding the origins of indigenous American strains. Thus, 

for example, the virus when tested in Artibeus intermedius (a phyllostomid which is 

frugivorous) was found to lead to the death of only one of three bats inoculated with an 

intermediate dose intramuscularly, with no evidence for behavioural or neurological changes; 

surprisingly, none of the three receiving the same dose intracranially succumbed (Obregón-

Morales et al., 2017). Surviving bats which received intramuscular or subcutaneous injections 

showed a transient seroconversion.  

                                                        
78 Symptoms were only manifest after the affected individual was isolated.  
79 Saliva samples of all living bats were taken daily for the first 30 days, then weekly for two months, 

and finally one and two years later. 
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Interpretation of the results of experiments with North American bats would also seem to be 

complicated: that there is not a simple all-or-nothing response has also been reported from 

studies on North American bats with regard to sero-conversion and/or the development of 

manifest disease. In part, this may reflect differences in the mode of administration: 

intracerebral injections of lyssavirus are more commonly associated with pathologic effects, 

compared to other more natural forms of administration to the periphery (reviewed by 

McColl et al., 2000; Banyard et al., 2011, 2014a).  

Thus, for example, an early study on T. b. mexicana (Baer and Bales, 1967) found that the 

effects of exposure to virus from a rabid conspecific varied with the mode of administration. 

Compared with intracerebral injection, intramuscular, subcutaneous and intranasal routes 

were less effective in terms of resulting mortalities, with the anomalous result of one bat 

receiving the lowest of the four doses by the last procedure; moreover it was the only other 

bat to manifest the ‘furious’ behaviours seen in those which succumbed after intracerebral 

injections. With regard to mortalities, there was evidence for a spread of when these 

occurred, being up to six months (when one survivor was found to have antigen in its brain, 

as well as in those other organs tested without any evidence for neutralising antibodies: it is 

not clear how bat #17 had been treated). There was evidence for salivary virus-excretion in 

all bats which died, as well as one of the bats which survived after receiving the lower 

intramuscular dose other tissues which included evident rabies virus were the brown fat, 

kidneys, and lungs. Neutralising antibodies were detected in six of the 52 which survived, 

including two which received intracranial injections. 

In a study on the little brown bat (My. lucifugus), Davis et al. (2013a) reported that the 

primary inoculation of an enzootic strain, one (Efv2) from Ep. fuscus or SHBRV into the 

deltoid muscle led to a more rapid onset of clinical disease than was the case for overlying 

subcutaneous injections for those bats which developed clinical disease, although the two 

receiving injections by the latter route which developed clinical symptoms were the only ones 

to intermittently shed virus in their saliva for up to 18 days previously.  

In the case of the big brown bat (Ep. fuscus), tests on a captive colony of 38 bats with 20 

receiving an intramuscular injection of a viral isolate from a conspecific and comprising 11 

groups with 1-3 uninfected and infected members (Jackson et al., 2008) found that the mean 

incubation period was 24 days (range 13-52 days, N = 16), with the three which succumbed 

first failing to seroconvert. Salivary excretion of virus was detected in only two individuals, 

and there was no evidence for onward transmission to the controls. The four survivors had 
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detectable antibody titres which peaked within the first two months, thereafter declining to 

below threshold by the end of the 140-day experiment.  

Another experiment with this species compared the effects after intramuscular injection of 

two variants – Efv1 and Efv2 – isolated from rabid conspecifics (Davis et al., 2013b). 

Mortalities associated with paralytic-like behaviour were only seen with the second viral 

variant, with six of the 11 either succumbing or being put down; interestingly,80 however, two 

of the six receiving the higher dose recovered from their rabies-like clinical symptoms as a 

result of supportive care (hand-feeding, etc.) and moreover these were two of the four which 

tested positive for virus in their oral swabs in the meantime. Like most of those receiving 

Efv1, Efv2 induced a neutralising antibody response all recipient bats apart from one of those 

which died; based on monthly samples, antibody titres often showed an initial increase before 

thereafter generally declining. Another group of bats, comprising five which had been 

seropositive for neutralising antibodies at the time of capture six months prior to the start of 

the experiment, survived inoculation with the higher dose of Efv2; whilst they had become 

seronegative by the start of the experiment, three of the five showed a marked increase in 

titres one month later (Davis et al., 2013b).  

Other studies on Ep. fuscus indicated that there was a relationship between the effects of 

initial exposure to an enzootic variant of the rabies virus and whether there was a 

pathological response after intramuscular injection (Turmelle et al., 2010a): mortalities were 

where there was a reduced immune response (as assessed by the development of neutralising 

antibodies) and were independent of the dosage administered. Thereafter, when surviving 

bats were given a second injection 175 days later with the highest dose, there were 

comparable levels of mortality; a further challenge of the remaining survivors with the 

highest dose another 130 days subsequently was associated with reduced mortalities. 

Monitoring of titres of neutralising antibodies indicated that these were elevated transiently 

after inoculation; thus it was proposed that susceptibility may be reduced by repeated 

infections as a result of anamnestic immunological responses (Turmelle et al., 2010a). The 

transient nature of the experimentally-induced immune response contrasts with evidence that 

naturally-infected Ep. fuscus may maintain prolonged elevations of neutralising antibodies 

(Shankar et al., 2004). To further confuse things, there may be differences between species in 

the nature of experimentally-induced acquired immune response, as suggested by a study on 

T. b. mexicana (Turmelle et al., 2010b) where a commercial monovalent inactivated rabies 

                                                        
80 The authors caution not to read too much into this! 
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vaccine induced the production of neutralising antibodies which remained in a proportion of 

bats one year later.81  

In an experiment comparing the effects of intramuscular injection with either of two variants 

of the fixed CVS-24 strain in the frugivorous Artibeus jamaicensis, it was found that one of 

these led to pronounced neurologic symptoms (cf. paralytic rabies) which were associated 

with a much more widespread infection of the brain (with no evidence for apoptosis) as 

compared with the other where clinical effects were not apparent (Reid and Jackson, 2001); 

unfortunately there is no mention of salivary levels, presumably due to the experiment being 

designed .to track the short-term time course of the respective variants on the progress of 

brain infection.  

As more realistic than intranasal administration, Davis et al. (2007) tested the effects of 

exposure to aerosols with isolates of viral strains from Ep. fuscus (Efv1), T. b. mexicana or L. 

noctivagans (SHBRV) on T. b. mexicana and Ep. fuscus (four of each species for each 

strain). All bats developed a neutralising immune response after a single 80-minute exposure. 

Whereas four of nine mice exposed to similar aerosol regimes at the same time succumbed 

(see above), there were no mortalities over the subsequent six months; however an 

intramuscular challenge with Efv2 from Ep. fuscus at this time led to half of each species 

developing paralytic rabies. The authors speculated that, although the bats had been 

quarantined for 6-8 months prior to the experiment, they may have been previously exposed 

and thus sensitised to rabies viruses (see also Davis et al., 2013c). 

Experimental studies with the enzootic Australian bat lyssavirus or a variant of the rabies 

virus from Ep. fuscus in the fruit-bat Pteropus poliocephalus after intramuscular injections 

found comparable effects. A proportion of bats died after either virus; whilst the latter was 

detected in the brain, none was found in the saliva, possibly because the affected bats were 

sacrificed soon after the appearance of clinical symptoms. There was variability in the extent 

of development of an immune response, with sero-conversion only seen in a proportion of 

those which did not manifest clinical symptoms by the time the experiment was terminated 

three months later (McColl et al., 2002).  

Banyard et al. (2011) have summarised experimental studies on Eurasian lyssaviruses. In the 

case of European bat lyssavirus type 1a, subcutaneous injections were associated with higher 

mortalities than by way of the intramuscular route in Ep. serotinus, with one bat shedding 

                                                        
81 The presence of an adjuvant may have led to a more pronounced immune response, however. 
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virus in its saliva (Freuling et al., 2009); somewhat similar results were found for European 

bat lyssavirus type 2 in My. daubentonii (Johnson et al., 2008). Immunohistochemical studies 

of an Ep. serotinus which died after intracranial inoculation of European bat lyssavirus type 

1a identified viral antigen not only in various areas of the brain but also throughout the spinal 

cord including in dorsal and ventral horn neurones; as well as in autonomic ganglia and the 

innervation of the tongue and salivary glands, but not in the secretory or ductal epithelial cells 

of the latter (Freuling et al., 2009). Intriguingly, as noted in the foregoing section, the profuse 

infection of the taste buds together with the associated epithelium of the tongue suggests not 

only a possible route for viral shedding but also for initial infection and/or as a positive 

feedback route.  

Testing the European bat lyssavirus type 1 in the North American Ep. fuscus led to 

mortalities after intramuscular injections, with latency being shorter for the higher dose; no 

mortalities were seen after intradermal administration (via scratches on the leading edges of 

the wings: associated with problems of ensuring a standardised dosage) or after intranasal or 

intra-oral inoculation (Franka et al., 2008). Behavioural changes preceding death included 

evidence for furious rabies in some cases. There was a transient seroconversion after the 

intramuscular and intradermal protocols, with a more rapid decline for the latter, but not with 

intranasal or intra-oral administration; seroconversion was also seen in bats which 

subsequently died. Virus was occasionally detected in the saliva of bats which subsequently 

died, as well as the salivary glands, the oropharyngeal area, the lungs, brown fat, pectoral 

muscle, kidney and bladder of some post mortem; on the other hand, it was also detected in 

the saliva of one bat 28 days after receiving a high dose intramuscularly which survived for 

the remaining 63 days but did not seroconvert (Franka et al., 2008).  

Three other members of phylogroup I, the Aravan, Khujand and Irkut viruses from eastern 

Eurasia, have been tested in Ep. fuscus from North America (Hughes et al., 2006). Mortalities 

were moderate, with virus not spreading to co-habiting uninjected bats, despite sporadic 

isolation of virus from the salivary glands and oral swabs within five days of detectable 

clinical disease. Apart from the brain, Irkut virus RNA was also detected in the salivary 

glands, brown fat, lungs, bladder and, to a lesser extent the kidneys; on the other hand, that 

for the Aravan and Khujand viruses was mainly found only in the brain. 

In the case of phylogroup III, Kuzmin et al. (2008e [abstract]; see also Banyard et al., 2011) 

reported that experimental infection of 21 Ep. fuscus with West Caucasian bat virus led to the 

deaths of three of 15 animals inoculated intramuscularly between 10 and 18 days later; the 
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remainder survived until the experiment was terminated after six months (with four having 

sustained seroconversion), as did all six where the virus was administered orally. Apart from 

the fact that the subjects were North American bats, interpretation of these results is further 

confounded by the fact that some had been used in previous studies of the Irkut virus and still 

had neutralising antibodies against the latter 12 months later, at the end of the subsequent 

experiment.  

3. The Dynamics of Lyssavirus Transmission in Bats 

Various authors have noted that, where information is available, the circulation pattern of 

lyssaviruses in bats would appear to be different from those described in most carnivoran 

studies (e.g. Kuzmin and Rupprecht, 2007). Moreover, there is evidence for differences 

between colonial and solitary North American species with regards to the pathogenicity of 

enzootic strains: gregarious species appear to be less susceptible to infection than solitary 

ones and thereafter manifest mainly paralytic symptoms, in contrast to the latters’ furious 

presentation (Kuzmin and Rupprecht, 2007; Constantine 2009; Banyard et al., 2011).  

As briefly reviewed in Section IV.1, several studies on wild colonies of North American and 

European bats have linked peaks in transmission to the seasonal establishment of maternity 

roosts and the influx of immunologically-naïve young, once their maternally-derived passive 

immunity has worn off (e.g. Steece and Altenbach, 1989). Constantine (1986) failed to find 

evidence for foetal infections in 15 dams of T. b. mexicana or smaller numbers of four others 

submitted for inspection, although subsequent studies based on the establishment of a foetal 

cell-line from the first of these species suggest that infection may occur in utero but be below 

the threshold for detection in the assays being used at the time (Steece and Calisher, 1989; the 

rabies status of the mothers was not tested, although they were “clinically normal”).  

i. Background Modelling Studies Theoretical analyses by Dimitrov et al. (2007, 2008; 

Dimitrov and Hallam, 2009) were based on the overall results of surveys of T. b. mexicana in 

North America, a migratory bat which summers in often vast colonies in the southwestern 

United States, where there is a marked disparity between viral prevalence (1-4%) and a much 

higher neutralising seroprevalence (up to 65% or more) (see also Section IV.1.ii). Dimitrov et 

al. (2007) proposed an individual-based immune response model where bats infected with a 

dose below a particular survival threshold value were able to develop an acquired immune 

response which eliminated most of the virus; thus they survived infection, in contrast to those 

receiving supra-threshold inocula. According to their model, the waning of antibody levels in 
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the survivors thereafter led to the recrudescence of the virus and thus of circulating antibody 

titres in an oscillatory fashion which could potential allow intermittent onward transmission 

of infection, provided that residual virus remained after the bat’s original infection.  

Subsequently, Dimitrov et al. (2007, 2008; Dimitrov and Hallam, 2009) developed a new 

class of ‘adaptive epizootic models’ to analyse and thereafter make predictions, based on the 

evident variation in intra-host viral dynamics within bat populations as a result of between-

individual diversity. On the one hand, this may reflect differences between individuals in the 

inoculum dose(s) received and the consequent infectivity of these; in part, this will depend on 

differences in the adaptive (acquired) immune responses of individual bats, given that large 

inocula can pre-empt the development of the latter. 82  Their model also included an 

‘impulsive’ birth mechanism 83  whereby the seasonal production of young led to the 

emergence of a naïve population. Subsequent models incorporated not only different 

ecotypes84 (referring to individuals originating from different geographical areas, and thus 

different experiences of disease) but also the impact of diversity, leading to the identification 

of various ‘immuno-types’, based on differing levels of immunocompetence.  

However, as Dimitrov et al. (2007; see also Rupprecht et al., 2011) note, a major (potential) 

issue is that there is no evidence for bats being able to act as infectious carriers of rabies virus 

in this way, although it may apply for other diseases where there is evidence for this. This 

will be considered further in Section V.  

ii. Vampire Bats The impact of rabies spill-overs from D. rotundus on the cattle industry in 

Argentina stimulated an early interest in this field. This provided evidence for seasonal 

outbreaks of rabies related to roosting and migratory behaviour associated with reproductive 

cyclicity and the resultant peaks in numbers of immunologically naïve young bats associated 

with seasonal rainfall (Lord, 1980, 1992; see also review by Blackwood et al., 2013a). 

Superimposed on this was the longer-term spread of zoonotic outbreaks along the course of 

rivers in South America, with evidence that rabies lyssavirus may be a ‘migratory 

                                                        
82 The authors excluded initial susceptibility and the associated role of the innate immune system 

(reflecting the evolutionary history of individual bat’s ancestral lineages and the consequences of 

past positive selection processes) due to a paucity of information regarding the latter. 
83 i.e. one where there is a periodic driver for the resurgence of infection, once any maternally-derived 

immunity has worn off.  
84  An ecotype comprises individuals which have identical characteristics relative to a particular 

environment; immune-types are one subcategory, based on the categorisation of overall differences 

in immune responses. 
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epizootic’.85 Thus there has been evidence for the virus spreading southwards as a wave in 

northern Argentina, to infect immunologically naïve colonies at a rate of about 40 km/year; 

about 24% of bats were virus-positive on the crest of the wave, with associated spillings-over 

into cattle (Lord, 1980). The spread was mainly along rivers (see also Kobayashi et al., 2008) 

or via roosts at waterholes. About the same percentage of bats were seropositive in its wake, 

with varying percentages (including some high ones) of virus-positive bats also being found 

at various times thereafter; presumably the latter serve as the origin of another wave about 

four or more years later, when enough immunologically-naïve new bats have entered the 

population. As a result, extermination of bats in area 30 by 50 km and sealing off their 

previous water-hole roosts interrupted the advance of a wave of rabies in cattle which had 

been advancing for the previous 14 years, although it did proceed onwards in the area to the 

west (Fornes et al., 1974). Lord (1980) refers to similar migratory waves of rabies elsewhere 

in South America, including an epidemic on the island of Trinidad between 1923 and 1937 

which originated in large towns and then spread southwards to progressively smaller ones; 

evidence implicated bats for its passage, with no evidence for introduced Indian mongooses 

being involved (Mungrue and Mahabir, 2011; Seetahal et al., 2017). 

Later studies in the same area of Argentina (reviewed by Streicker et al., 2012c) indicated 

that such a migratory pattern had been replaced during the period 1984-1993 by the virus 

circulating locally. Thus Torres et al. (2014) reported that, rather than periodic eruptions, 

there was the continuous threat of bovine rabies during the period 1991-2009, as a result of 

local enzootic cycles with variable persistence. Similarly, a long-term study of the same 

species of bat in Peru (where rabies is an emerging infectious disease) found no evidence for 

such a wave-like spread based on serological studies (Streicker et al., 2012c; Blackwood et 

al., 2013a, b; Condori-Condori et al., 2013); instead, there was a sustained circulation within 

each of the four regions sampled over a period exceeding three years, although it varied over 

time. Seroprevalence was highest in juvenile and sub-adult bats with no decline during the 

first year of life and was unlikely to be as a result of maternally-derived antibodies; it was 

suggested that infection contributed to the 50% mortality rate during this time (Streicker et 

al., 2012). Presumably there was an initial migratory component leading to the recent 

invasion of the disease across the Andes from the Amazon basin as a result of movements of 

males between roosts, females being more philopatric and thus constituting genetically-

                                                        
85 Reminiscent of the ‘wave hypothesis’ as one possible explanation for the spread of Zaire ebolavirus 

as seen in African great apes (Walsh et al., 2005; Biek et al., 2006; see also Quammen, 2014).  
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isolated populations (see also Huguin et al., 2017); modelling analyses projected that the 

virus would reach the Peruvian coast by 2020 (Streicker et al., 2016). Streicker et al. (2012c) 

concluded that there was no evidence for population density thresholds for viral invasion and 

extinction, with exposure independent of bat colony size: they suggested that frequency-

dependent transmission reflected the fact that bats are limited in the number of neighbours 

that they can bite (or groom: Lord, 1980), which would seem to assume that each bat 

occupies the same resting site over time in a roost (which might be reasonable in large 

colonies, given the evidence for reciprocal altruism: Wilkinson et al., 2016).86  

Using simulations based on the findings of Streicker et al. (2012c) and the assumption that 

transmission was frequency- rather than density-dependent, Blackwood et al. (2013a, b; see 

also Johnson et al., 2014) concluded that viral persistence in vampire bats was dependent on 

two factors: a high frequency of nonlethal immunising infections (estimated to represent 

about 90% of all infections), together with the movement of infectious bats between roosts as 

a local metapopulation. The simplest susceptible-exposed-infected-recovered model (I) was 

found to best fit the field observations, resting on the underlying assumption that there was a 

spatial asynchrony in infectivity between roosts in a region: exposed bats either develop a 

non-immunising87 infection (subsequently leading to onward transmission of the virus) which 

is always lethal or enter a non-infectious state with temporary immunity (Blackwood et al., 

2013a). One of the three alternatives (model IV), which presumed life-long immunity to 

abortive infections, was also dependent on immigration but fitted the observational data only 

poorly. The remaining two models, which postulated either recovery from a transient 

infectious state (model II) or immune-boosting as a result of increasing force of infection and 

the resultant delayed return to a non-immune state (model III), were found to be possible, 

albeit less robust alternatives. This model contrasts with that proposed to underlie the 

presumed mechanism underlying the epizootic wave in that the latter was (assumed to be?) 

driven by mortalities during its passage. 

iii. Big Brown Bats The growing appreciation that spill-overs of particular strains of rabies 

virus from North American bats pose a potential risk to humans has also led to many 

                                                        
86 This reflects the fact that, apart from water, ingested blood is only high in protein, with the need to 

convert the latter for short-term energy production rather than use food-derived carbohydrate 

reserves for a longer-term insurance (Naish, 2007a), which presumably acts as a constraint to render 

these bats relatively sedentary.  
87 This assumes a situation similar to dogs and humans, for example; however various studies in bats 

suggest that an acquired immune response may develop in at least some species (including 

vampires) prior to the development of classical clinical symptoms (see Section IV.2). 
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experimental studies, as briefly reviewed in Section II.2. The big brown bat (Ep. fuscus) is 

not a major source of human spill-overs (Messenger et al., 2003) but provides a useful model 

for the characterisation of the infection dynamics within a closed population of bats, although 

the situation is complicated by the presence of at least two variants – Efv1 and Efv2 – with 

only the latter leading to clinical effects and mortalities after intramuscular injection (Davis et 

al., 2013b). The data from one extensive five-year study on a non-migratory population of 

Ep. fuscus in Colorado were used by George et al. (2011) to compile a model to investigate 

the possible means by which this virus may circulate and be maintained. It was assumed that 

infection was lethal to the bats; thus those with rabies neutralising antibodies were deemed to 

have been exposed to an abortive infection, rather than being recovered from a (subclinical) 

infection. They proposed that hibernation and facultative torpor at other times, by reducing 

not only a bat’s immune activity but also viral replication rates, allowed the average 

incubation period of an infection to be prolonged so that the virus is more likely to be 

sustainable in the population through transmission to the young in maternity colonies the 

following year. Runs of the model where there was no hibernation period (such as would be 

the case for tropical bats) consistently led to high mortalities, especially amongst juveniles, 

and population crashes. Their models also indicated the importance of viral incubation period 

for sustainable infectivity: too short a time meant that there was likely to be epizootic fade-

out prior to hibernation due to reduced chances of transmission after bats have dispersed.  

Based on serological data from a number of urban maternity roosts of Ep. fuscus in Colorado 

over a period of up to five years, O’Shea et al. (2014a) found that a greater proportion of 

adult females (up to almost half in some roosts) had neutralising antibodies than did males, 

which they related to the former tending to roost more closely together. Seroprevalence also 

increased with age, being lowest in juveniles, apart from those which presumably had passive 

immunity from their mothers, and one-year-old males. Survivorship of marked individuals 

was not affected by whether they were seropositive or not, with some later becoming 

seronegative: infections were presumed to be abortive, given that no rabies virus was detected 

in swabs or post mortem samples of seropositive bats.    

Logistic regression analysis failed to find any relationship with female reproductive 

condition, the number of fresh puncture holes in the wing that might represent recent bites 

from other bats, days elapsed since prior sampling or the mean minimum and maximum 

ambient temperatures for the five preceding days (O’Shea et al., 2014a). The transition of 

adult females from seropositive to seronegative was best explained by a model based on the 
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year of sampling, being more likely in 2004 and 2005 as compared with 2003; whereas the 

opposite transition was reflected by an evident progressive intra-seasonal spread of (abortive) 

infections within the individual roosts as a result of (density-dependent) contagion. Moreover 

there was an interaction between the year of sampling and the within-season day of sampling 

which influenced the likelihood of an adult female being seropositive at first capture, 

associated with a consistent pattern across adults in all five of the roosts sampled over the 

period 2001-2005, with the frequency of seroprevalence being lowest in a drought year with 

high local insecticide use (2004) and highest in a more ‘normal’ year (2003). O’Shea et al. 

(2014a) proposed that that the differences between 2003 and 2004, in particular, might be 

explained by levels of environmental stress, such that increases in the latter may lead to the 

depression of antibody production (in terms of amplitude and/or duration), presumably in the 

face of a constant potential infection pressure. Whilst they cite Constantine’s (1967, 2009) 

previous ideas as being consistent with this hypothesis, it is important to note an important 

difference: the latter author was speculating about the occurrence of active rather than 

abortive infections, with stress leading to infection-mediated mortalities during migrations of 

the likes of T. b. mexicana, presumably as an impairment of overall immune function. 

These authors went on to compare their field observations with the extensive experimental 

findings from their and others’ laboratories on the same species (briefly reviewed above in 

Section IV.2). They noted the consistent evidence that seropositivity may wane over time, 

although a residual anamnestic response, seen in laboratory populations, may serve to protect 

against exposure to future infections (and thus complicate the interpretation of experimental 

studies with wild-caught bats of unknown exposure-history: Davis et al., 2013c). They 

further suggested that ‘stress’ from decreased food availability due to changes in potential 

prey populations may attenuate the trajectory of immune responses to viral exposure, at least 

in part through the pituitary-mediated production of glucocorticosteroids. 

iv. Other Lyssaviruses As considered above (Section IV.2), infections with European bat 

lyssavirus type 1 have been found to have a seasonal component based on studies in Spain 

(where bats do not hibernate), primarily of mixed maternity roosts of what is considered to be 

the main reservoir host (Eptesicus spp.) as well as other species. Amengual et al. (2007) 

considered that infection was in the process of becoming established in one of two colonies 

they studied, associated with evident oscillations in the low levels of seroprevalence and 

positive blood-clots between successive years, but that these had stabilised at relatively high 

levels in the other; based on data for the latter, they were able to estimate the host population 
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fraction that was susceptible at equilibrium and thence derived a value for the basic 

reproductive number (their ‘R0’) of 1.706.88  

Based on these and follow-up studies, Serra-Cobo et al. (2013) found that overall 

seroprevalences varied between 3 and 37% amongst 68% of 25 sampled roosts, 89  with 

neutralising antibodies in 13 of the 20 species from the four different families sampled, 

wherein seroprevalence varied between 11.1 and 40.2%.90 Of 45 dead bats, 12 were positive 

for viral RNA, in six out of seven species; whilst 2% of blood-clots were positive from six 

out of the seven species where such samples were analysed. They used the seroprevalence 

data for the period April to October (when bats were more active and infection rates were 

higher) and five potential explanatory variables (taxon, month, sex, colony size and species 

richness) to determine possible ecological drivers for infection using a generalised linear-

mixed model. The four variables other than sex explained more than 90% of the variability. 

Based on this analysis, July was the peak month, when maternity colonies were mostly 

present; vespertilionids were most likely, compared with members of the families 

Miniopteridae and, especially, Molossidae and Rhinolophidae, perhaps reflecting differences 

in susceptibility to initial infection and/or the nature of the subsequent immunological 

response in relation to phylogenetic distance. Also, seroprevalence was higher in larger 

colonies, perhaps related to host density and contact rates; moreover the impact of colony 

size was increased if it included at least three different species, suggesting that density-

dependent increases may involve other dimensions (including the import of virus by 

migratory bat species, for example). 

A subsequent analysis of these serological data over the period 1995-2011for three maternity 

roosts on the Balearic islands with mixed bat populations 91  found high levels of 

seroprevalence for European bat Lyssavirus type 1 (Pons-Salort et al., 2014); the fact that the 

same viral sequences were identified on both islands indicated that there was an exchange 

                                                        
88 The average number of other bats a productively-infected bat would be expected to infect in a 

wholly susceptible (i.e. immunologically naïve) population (Viana et al., 2014). For comparison 

with rabies virus in dogs, Hampson et al. (2009) found an R0 of ≈ 1.2 from a study in areas 

adjoining the Serengeti National Park in Tanzania and values of less than 2.0 elsewhere in its range, 

using different models. However, it should be noted that this parameter depends on the assumption 

that all members of a particular population have not been previously exposed to the contagion in 

question – something questionable in the case of the Balearic bats, at least – and that the susceptible 

population is homogeneous, rather than being a metapopulation comprising different species with 

(presumably) different pre-adaptations of their innate immune systems. 
89 In northeastern Spain and the Balearic Islands. 
90 The latter figure for 270 My. myotis; cf. 16.4% for 19 Ep. serotinus. 
91 Mi. schreibersii, My. capaccinii, My. myotis and R. ferrumequinum. 
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between the three metapopulations surveyed, without any input from Ep. serotinus (generally 

considered to be a normal reservoir), and no evidence for contact with the Spanish peninsula. 

The model assumed that infection was seasonal and frequency-dependent, leading to transient 

rather than life-long immunity without any increase in mortality. As with the original 

sampling data, this suggested that, rather than persisting in the long-term in each of the 

metapopulations, there were fade-outs at various times followed by viral re-introduction in 

the absence of Eptisecus spp.; Mi. schreibersii emerged as being the likely local reservoir 

host, despite My. myotis being twice as abundant.  

4. Conclusions  

Field evidence indicates that only a small proportion of a bat population is likely to be 

actively infected with a lyssavirus at any one time, based mainly on the analysis of brain and 

salivary samples; whereas there is evidence of often widespread past infections (abortive or 

otherwise) based on seroprevalence studies. Experimental studies using other than the 

intracranial route for administration give an inconsistent picture with regard to survivorship 

and (transient) seroconversion (reviewed by McColl et al., 2000; Turmelle et al., 2010a); it 

has been proposed that the high seroprevalence rates against lyssaviruses in certain wild 

populations of bats suggest that either many bats have recovered from a prior clinical 

infection or they have been exposed (possibly repeatedly) to subclinical infections which 

were abortive due to a pre-emptive immune response and thus presumably failed to spread to 

infect the nervous system (reviewed by Banyard et al., 2011, 2014a; Barrett, 2011; Kuzmin et 

al., 2011). Thus the riddle appears to distil down to, as Banyard et al. (2011) put it, “Bat 

lyssavirus serology: Infection or exposure?” Furthermore, exposure of whatever sort may be 

even higher: Banyard et al. (2011) have argued that the use of neutralisation tests to identify 

whether bats had been exposed might be too rigorous, especially given the findings of 

Turmelle et al. (2010a) regarding transient albeit anamnestic responses; they suggested that 

the use of more general tests (e.g. ELISA-based) for rabies-related antibodies be also used to 

screen potential experimental subjects (see also Moore and Hanlon, 2010; Moore et al., 

2017). 

Studies on the development of rabies infections in bats are necessarily long-term, largely 

resting on the presumption that the sole mechanism for establishment and onward 

transmission is the same as has been documented for ‘classic’ rabies infections in ‘typical’ 

terrestrial mammals. However, the potentially ‘premature’ termination of many experimental 
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infections may mean that the normal progression towards the full-blown manifestation of 

such clinical symptoms may be pre-empted (Banyard et al., 2011), especially if infective 

cycles have apparently evolved to coincide with an annual pattern of host reproductive 

activity (George et al., 2011). As will be considered further in Section V.3, a variable, often 

prolonged latency is but one dimension of the potential hypothetical range of actions of this 

and other lyssaviruses in bats. 

Vos et al. (2007) have noted that, in contrast to the indigenous American clade of the rabies 

virus and its promiscuous spread amongst microchiropteran bats across the continent (with 

spill-overs into terrestrial carnivorans), the two types of European bat lyssavirus are much 

more species-specific with regard to their natural hosts: most notable is that there has been no 

evidence for natural infections by either of one of the most abundant bat species in the region 

(Pipistrellus pipistrellus), despite extensive surveys. They postulated that, by adapting to one 

particular set of reservoir species through reducing their virulence and pathogenicity (and 

thus the impact their infections on the host population), they reduced their capacity to infect 

other, more distantly related bats (see also Section II.3). 

The epizootic migratory pattern for the initial establishment of rabies infections as it 

expanded its geographical range in vampire bats is reminiscent of that seen for the westward 

spread of a variant of the Cosmopolitan strain in twentieth century foxes in Europe, where the 

lull in its wake was attributed to high host mortalities; there were oscillations in the disease’s 

prevalence over subsequent years (Wandeler, 2004). Such a cyclicity has also been reported 

after sustained spill-overs of rabies into various North American mesocarnivorans (other 

canids, skunks and raccoons) leading to damped oscillations of epidemics alternating with 

inter-epidemics (reflecting those in local population densities); ultimately this leads to a low 

background of sporadic disease outbreaks (Childs and Real, 2007), and thus the likelihood of 

the infection dying out. 

George et al. (2011) developed a model for Ep. fuscus, a non-migratory North American bat 

with a marked seasonal cyclicity, which was based on the assumption that infection with the 

enzootic rabies strain was terminal; the latency between initial infection and the development 

of clinical disease was sufficiently long in order to match the annual cycle of host 

reproduction and the appearance of the next cohort of naïve young as potential replacement 

hosts. This assumption is compatible with studies on rabies in canids and certain other 

terrestrial carnivorans; however, superimposed on this is the need for outbreaks to be tied to 

an externally-driven annual breeding pattern. Thus modelling suggested that the fact that this 
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species undergoes hibernation, with a slowing down of metabolism which acts as a brake on 

viral replication, might help to ensure such an infective cyclicity: this thus represents a 

special case, not applicable to bats resident at lower latitudes or those which migrate there to 

over-winter. 

Studies on other bats have also proposed that the production of a new cohort of bats is related 

to the sustenance of lyssavirus infections. However they do not presume that infections are 

necessarily terminal, but instead that at least a proportion of those bats infected recover, 

based on the results of various experiments involving extra-cranial inoculation. This has 

formed the basis for models of the dynamics of rabies in vampire bats and those of European 

bat lyssavirus type 1 in Spanish populations of insectivorous bats. Thus, for example, instead 

of the damped oscillations seen in certain terrestrial carnivorans (Childs and Real, 2007), 

Amengual et al. (2007) considered that the opposite occurred in their study of two Spanish 

roosts: that there was a trend towards rising to a plateau over the long-term. Such sustained 

circulation within a population clearly requires ‘carriers’, whether as a result of wide 

variation in the latency of initial infection (following the standard model for terrestrial 

mammals: see Section III.2) or due to virus remaining resident thereafter in the brain and/or 

other immune-privileged sites. Contrariwise, it is not clear why the other roost was 

apparently in the initial stages of establishing a new enzootic infection: one possibility 

(Bingham, 2005) is that the virus had previously been maintained in this roost but had died 

out as a result of the build-up of herd-immunity, with viral persistence in the regional 

metapopulation as a whole leading to re-introduction through movements of infected 

individuals between roosts.   

In considering why a strain of rabies virus might become established in particular terrestrial 

carnivores, Wandeler (2004) noted that not only population densities (such that the host 

carrying capacity exceeds a critical threshold: Childs and Real, 2007) and characteristics 

regarding innate sensitivity and the potential to generate a sufficiently productive salivary 

output were likely to be of importance; in addition, general characteristics of the host species 

are also likely to be an additional determinant, given the assumption that an infection is 

invariably fatal. Thus, like dogs, hosts of derived strains not only have a wide distribution 

with relatively high population densities (helping to establish a spill-over in the first place) 

but also are opportunistic, with relatively short life-spans and high reproductive rates as a 

consequence: thus local populations can rapidly rebound after a serious infection. This may 

pattern of damped oscillations may be modulated by individual differences in the properties 
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of the innate immune system and thus resistance to infection, based on short-term evidence 

on evolutionary time-scales (Srithayakumar et al., 2011, 2014; Kyle et al., 2014; Scott and 

Nel, 2016). 

However, as pointed out by Wandeler (2004), this contrasts with the life-history 

characteristics of bats: they are what has traditionally been termed K-selected (Crichton and 

Krutzsch, 2000; Begon et al., 2006). Thus their volant life-style limits the number of 

offspring that a female can carry at one time (both during pregnancy and during the 

subsequent period up to weaning) and, presumably as a result, they have anomalously long 

life-spans for their body-weights, associated with biochemical mechanisms to limit the effects 

of free-oxygen radicals generated during the extreme exertion associated with flight (Zhang 

et al., 2012). Thus Messenger et al. (2003) and others have noted that the K-selected 

reproductive strategy (late maturity and low fecundity) of bats implies the rapid weeding out 

of viruses which have severe effects on the individual; and/or that bats may rely on 

alternative, possibly novel defense strategies to rapidly contain infections received from other 

members of a roost or colony (see also e.g. Kuzmin et al., 2011; Olival et al., 2012, 2015). 

This sets the scene for the following section.  

V. Discussion 

The nature of infection with Rabies virus would seem to pose puzzling aspects. Whilst the 

virus has dramatic and drastic effects in its main terrestrial reservoir host (dogs) as well as 

when these pass it on to certain other earthbound animals (including humans), there is 

evidence that various strains may exist in bats and at least some non-volant mammals 

(including dogs) which are less pathogenic. This poses the riddle of how such seemingly less 

virulent infections might be maintained in their host populations where there are no profound 

terminal changes in virion production (based on salivary samples) with associated changes in 

host behaviour in order to facilitate the likelihood of onward transmission. On the other hand, 

there is the broader enigma of how lyssaviruses might have originated in the first place, as 

presumed spill-overs from arthropods. The subsequent realisation that the cross-over from 

arthropods may have been first to bats would seem to have done little to clarify things, 

arguably because it is generally assumed that rabies and related viruses have the same profile 

of actions in these as in other mammals.  

Viral infections may be either acute, where they are short-lived due to the host either dying as 

a result or the infection itself dying out due to the actions of the host’s immune system after a 
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transient transmissive phase; or they may be chronic, whereby the virus can persist in the host 

in a dynamic and metastable equilibrium as a result of measures taken by the virus to avoid 

sterilising immunity and its being purged by the erstwhile host as a result, whilst also 

minimising its destructive effects on infected cells (Virgin et al., 2009), with various 

alternative strategies being used by particular viruses (Nathanson and Gonzalez-Scarano, 

2016). Classic rabies infections92 exemplify a third strategy, whereby an initial ‘smouldering’ 

infection (Nathanson and Gonzalez-Scarano, 2016) leads to a delayed acute transmissive 

phase after a variable latent period.  

In being neuro-invasive, classic rabies infections – and thus lyssavirus infections in general, it 

would seem to be generally assumed – bear various similarities to those of α-herpesviruses in 

humans. The following will consider the latter as one possible model of a ‘primitive’ strategy 

for the initial productive infection of the nervous system, such as might have led to the 

progressive evolution of dumb and paralytic rabies in a ‘typical’ terrestrial host mammal. 

Thereafter, in order to address the question of how lyssaviruses as a genus may have first 

evolved in bats, various seemingly relevant aspects of the latters’ biology will be briefly 

reviewed, mainly with regard to how this may play a role in the transmission of viruses from 

one host to another, with particular regard to these rhabdoviruses. Finally, one possible model 

for the evolution of lyssaviruses, culminating in that of the rabies virus, will be suggested in 

the light of these considerations.  

1. A Comparison of the Strategies of the Rabies Virus and Selected α-Herpesviruses 

Most studies have been on the Rabies virus in relation to the expression of the classical 

aetiologies of furious and paralytic rabies, leading to the conclusion that this virus is 

extraordinarily well adapted to infection of the mammalian nervous system (Lafon, 2016). As 

such, studies in terrestrial mammals have started to unravel the sophisticated means by which 

it has the capacity to propagate within its existing host and maximise its potential to spread to 

other hosts thereafter. Thus, as reviewed in Section III, after peripheral inoculation and 

possibly initial amplification in muscle, it migrates centripetally to enter and thereafter spread 

within the central nervous system, to subsequently extend its reach centrifugally to infect at 

least some non-neural tissues, most notably the salivary glands as the source of output of 

virions for potential onward transmission. The latter process is facilitated by the virus also 

                                                        
92 i.e. those manifest as either furious or paralytic cases. 
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acting on the brain itself to induce changes in behavioural output, especially in the case of 

furious rabies (Marston et al., 2018).   

Such an all-encompassing action involving the brain is in marked contrast to what is known 

of other viruses which infect the nervous system. One prototypical example is the pattern of 

infection seen with  human α-herpesviruses, represented by human herpes simplex viruses 1 

and 2 together with herpes virus 3 (varicella-zoster virus) (reviewed by e.g. Eshleman et al., 

2011; Schmidt-Chanasit and Sauerbrei, 2011; Bloom and Dhummakupt, 2016; Nathanson 

and Gonzalez-Scarano, 2016; Zerboni and Arvin, 2016). These double-stranded DNA viruses 

are characterised by having two infective phases where contagion can be passed on to others: 

an initial one shortly after the individual is first infected, before the virus takes up residence 

as a latent infection in the nuclei of cells in privileged tissues to evade the host’s developing 

immune response; and a potential later one after the infection has been reactivated in the 

latter tissues. During the initial acute infective phase, the virus can spread into new hosts 

through the lytic infection of epithelial cells and the release of virions in mucous secretions 

(including in aerosols) as well as with the subsequent development of rashes in the case of 

herpes virus 3.93  It also spreads within the existing host by invading sensory (including 

olfactory) and autonomic nerve terminals in the infected dermatomes, migrating retrogradely 

to establish a latent infection in their centrally-located neurone somata; thereafter, there may 

be restricted local onward transmission to other cells therein, although this is generally very 

limited (reviewed by Mori et al., 2005; Eshleman et al., 2011; Ugolini, 2011;94 Koyuncu et 

al., 2013; Nathanson and Gonzalez-Scarano, 2016). At some indeterminate later date, the 

host’s depressed immune function (including as a result of ageing) and/or various stressors 

may lead to reactivation of the virus which then spreads back down to the self-same nerve 

terminals to re-infect the tissues they innervate and cause a productive lytic infection of the 

latter; in rare cases, a reactivation encephalitis may develop where the virus spreads 

elsewhere in the central nervous system. Thus the overall strategy is to, in the short-term, 

spread infection within an immunologically-naïve cohort and thereafter become dormant in 

                                                        
93 In contrast to the local effects of simplex viruses, after initially infecting mucosal epithelia, herpes 3 

becomes established in dendritic cells of the peripheral innate immune system which migrate to the 

lymph nodes, to then pass virus on to lymphocytes, some of which migrate to the skin and thereby 

infect dermal cells in various areas of the body as well as becoming latent in the associated sensory 

cells after retrograde transport. The infection of immune cells is presumably mediated by the 

formation of immune complexes of circulating virions with antibodies which are subsequently 

sequestered by these cells to release the active virus particles (Nathanson and Gonzalez-Scarano, 

2016).    
94 Based on studies in mice with strains of human herpes simplex viruses. 
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them, through refugia in privileged tissues; thereafter, if signals from the current host suggest 

a potential threat to its viability (and thus that of the virions themselves), the virus reactivates 

and initiates a new infective phase in order to spread, ideally within the next generation of 

immunologically-naïve recipients. In this way, these viruses can maintain sustainable 

infections over the long-term in small, relatively closed populations, circumventing the 

problem of acquired immunity: thus they are considered ancestral human diseases, dating 

back to the common ancestors of the prosimian lineage or before, and thereafter co-evolving 

and thus diverging from those shared with other members of the anthropoid lineage 

(Wertheim et al., 2014).   

Such co-evolution and the associated species-specificity contrasts with the promiscuous 

nature of the rabies virus and its ability to infect members of virtually all groups of eutherian 

mammals to a greater or lesser extent (Hanlon et al., 2013), albeit with evidence for 

subsequent minor selection of particular biotypes in those species where it is able to establish 

a chain of transmission (see Section II.2). Apart from this, a comparison of the ‘herpes 

strategy’ with that of classic rabies indicates two major fundamental differences. First, if 

there is any initial amplification of the rabies virus, it is confined to the host itself, in the 

inoculated muscle of terrestrial mammals at least; in contrast, the initial infection with α-

herpesviruses can also be amplified by spreading to other new hosts.  

The other basic difference relates to the nature of the latent period and the neural circuits 

involved. On the one hand, α-herpesviruses typically infect only those neurones innervating 

the originally infected area; thereafter, reactivation is a simple ‘reflex’ response to particular 

signals from the host which might portend the latter’s imminent demise (e.g. as a result of 

physiological or psychological stressors): it is essentially a passive process, in the sense that 

it is host-driven and involves a closed group of neurones, with the original retrograde flow of 

virions being reversed within the infected neurones to an anterograde one (indeed, ‘reflux’ is 

an equally apt descriptor). In contrast, classic rabies infection of a terrestrial mammal is 

active, in the sense that the virus takes over the host in order to try to gain access to new hosts 

(most especially in ‘furious’ rabies), albeit at the expense of the life of its current one. Thus 

the rabies virus has evolved the means to not only establish a foothold in the 

immunologically-privileged (Wekerle, 2006; Kaplan and Niederkorn, 2007) central nervous 

system but also to then spread between neurones therein and ascend through retrograde 

(dendro-axonal) transmission up via higher-order networks to subvert circuits in the brain 

itself, together with spreading to output targets, all towards the virus’ own ends. In order to 
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do so, the rabies virus has had to acquire the means not only to enter neurones and subsequent 

downstream targets (viz. the salivary gland acini, at least) through the appropriate acceptor 

molecules; but also other strategies to evade detection by those innate immune mechanisms 

functioning in neurones (Lafon, 2008, 2011; Johnson et al., 2010; Scott and Nel, 2016; Zhang 

et al., 2016) in order to replicate for onward transmission across synapses. Furthermore, if 

detected by the innate immune system of neurones, the virus has acquired the means to short-

circuit the resulting neuro-inflammatory response through mechanisms to induce apoptosis in 

any T cells which move in to try to destroy the infected cells (Lafon, 2008, 2011; Scott and 

Nel, 2016; Zhang et al., 2016).  

It is obvious that such an overarching strategy, where the rabies virus essentially 

commandeers the host’s brain towards its own ends, is highly unlikely to have spontaneously 

evolved de novo: there must have been intermediate stages in its progress from an ancestral 

condition, presumably in arthropods, to the present-day highly derived strategy. Furthermore, 

the promiscuous nature of the rabies virus’ potential infectivity means that evolution has 

somehow acted to favour mechanisms which are common to all eutherians, down to the 

details at the molecular level for a variety of tissues, presumably favoured by using host 

acceptor molecules (such as N-CAM) which have been highly conserved during evolution. If 

this extends to include the phenotypes of similar molecules in other animal groups (such as 

arthropods), this will enhance the chances of successful spill-overs. In part, such evident 

flexibility has been suggested to be mediated by ‘quasi-quasispecies’ properties that the 

rabies virus manifests in vitro (Morimoto et al., 1998; see Section III.3.ii).  

Given that lyssaviruses as a genus are generally thought to have originated in bats, the 

following section will consider various aspects of the biology of the latter which may be 

relevant to trying to get to grips with the problem of how this group of rhabdovirids 

originated in the first place and thereafter became established as enzootic in mammals. 

2. Aspects of Bat Biology Pertinent to Their Potential Role as Disease Reservoirs 

As reviewed in more detail elsewhere (e.g. Munro, 2017 and in preparation), there is 

evidence that bats may have been the original hosts for many different groups of viruses, with 

spill-overs leading to the establishment of derived lineages in other mammalian groups. 

Bats (order Chiroptera) have an ancient evolutionary history (Bininda-Emonds et al., 2007; 

Zhang et al., 2012). Today, they form most of the ‘night-shift’ amongst flying vertebrates, 

taking over from the mainly diurnal birds. They sleep during the day, often through hanging 
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upside down by their hind-legs either in solitary locations95 or in often large roosts (Kunz, 

1982); the latter will favour sharing of contagions on a local basis. At night, they disperse to 

forage, potentially sharing such diseases more widely, especially if individuals move between 

roosts; such pathogen-sharing may be even more widespread in those species which undergo 

seasonal migrations in order to track changes in food availability (Rupprecht et al., 2011).  

One suborder (the Megachiroptera; fruit-bats)96 is restricted to lower latitudes in the Old 

World; as their common name suggests, they feed on fruit, albeit with evidence that they may 

supplement their protein-intake through also eating arthropods (Courts, 1998).97 Most species 

rely mainly on vision for navigation, and thus roost on trees or other structures in the open; 

where studied, Rousettus spp. have evolved a means of echo-location which allows them to 

roost in caves instead. The other, much larger suborder, the Microchiroptera, use a different 

means for echo-location; whilst the majority are insectivorous, others have evolved a 

diversity of foraging strategies, including haematophagy in the vampire bats. 

As noted in Section II.2, strains of Rabies virus were likely to have been circulating in bats 

and also the Arctic fox and other mesocarnivores in the Americas before the arrival of 

European colonialists. One possibility is that, like the Cosmopolitan strain, the indigenous 

American strain was also introduced by dogs accompanying humans during the original 

colonisation of the New World. According to this scenario, spill-overs would include to 

vampire bats or their haematophagous ancestors, which then served as the vehicle to initiate 

the spread of infection to other bats as well as terrestrial mammals. Phylogenomic analyses 

aside, this presumes that rabies virus circulated in the blood of the imported prehistoric dogs. 

Whilst it has been concluded that rabies virus does not circulate in the blood of naturally 

infected humans (Hemachudha et al., 2002) or dogs (Sitprija et al., 2003), parabiotic and 

other experimental studies on terrestrial mammals have yielded confusing results in this 

regard (reviewed by Lodmell et al., 2006), perhaps partly related to whether ‘street’ or ‘fixed’ 

strains were used. Some of these studies suggest that viraemia may be predisposed in animals 

                                                        
95 Note that these come together seasonally in mating and maternity roosts and, in some cases, to 

hibernate; in some vespertilionids, at least, maternity roosts (crèches) and hibernating roosts may be 

in different locales, with males establishing lek-like territories around the latter (e.g. Naish, 2011b).  
96 For simplicity, the traditional subordinal classification scheme has been used here, although it is 

generally considered to be out-dated.  
97Assuming that they have not evolved to have reduced dietary protein requirements (Mqokeli and 

Downs, 2014); at least some species of neotropical frugivorous bats may also be dependent on 

insects to supplement protein intake and/or to tide over seasonal changes in the availability of their 

normal food source (Herrera et al., 2002). 
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with depressed immune function; however the presence of neutralising antibodies need not 

preclude detection of the virus (or at least its RNA).  

On the other hand, Serra-Cobo et al. (2013) identified European bat lyssavirus type 1 RNA in 

blood clots from samples of various bat species in roosts in northern Spain;98 this suggests 

that, in principle, other lyssaviruses including the rabies virus might also circulate in the 

blood. Apart from the potential to spread passively through wounds as a result of fighting, 

with the ingestion of infected blood, this suggests the potential for spread via haematophages, 

whether through arthropods as vectors where viraemia is high enough or by way of vampire 

bats.99 Assuming for the moment that the virus can be transmitted amongst mammals via the 

ingestion of blood, the fact that vampire bats may share blood-meals back at the roost with 

those which were not successful in their night’s foraging (Wilkinson et al., 2016)100 means 

that such reciprocal-altruistic behaviour most likely shares any pathogens as a downside, and 

thus would reinforce the spill-over of the rabies virus and other pathogens. That rabies can 

cause infection through ingestion is indicated by the fact that skunks and red foxes were 

found to be relatively susceptible to being fed rabies-infected mice, whereas ferrets and cats 

were resistant (Bell and Moore, 1971; Ramsden and Johnson, 1975), leading to the 

development of techniques for the oral vaccination of dogs and other carnivorans (Knobel et 

al., 2013). It is not clear whether infection may be through local damage in the mouth area or 

can be effected further down the digestive tract (Jackson, 2007): whilst chicken heads are one 

potential bait using attenuated strains, minced meat is another (WHO, 2007), implying any 

wounds must have been pre-existing for these modified live vaccines at least.   

However if it is assumed (but see Davis et al., 2006) that the rabies virus lineage originated in 

bats, as is presumed to be the case for other lyssaviruses, a more parsimonious scenario is that 

there has been a single set of bat-to-terrestrial mammal set of spill-overs without any 

subsequent spill-backs. This would also be more consistent with phylogenomic analyses, 

which indicate that the indigenous American clade101  shared a common ancestor with a 

lineage which eventually gave rise to all the other clades of Rabies virus (Troupin et al., 

                                                        
98 It was not stated whether the bats involved were also seropositive. 
99 Given their need for large blood-meals, it would seem unlikely that vampire bats actively predate 

upon other bats. 
100 Thus these are the only truly social bats, so far as is known; other colonial species are only 

gregarious. 
101 With members of group IV, found in vampire bats and the migratory mollosid T. brasiliensis, basal 

to the three groups found in other New World bats (see Section II.2.ii). The Molossidae likely 

immigrated from Africa with the splitting of Gondwanaland; the origins of the endemic family 

Phyllostomidae (including vampire bats) are less clear (Arita et al., 2014). 
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2016). Rupprecht et al. (2017) and Marston et al. (2018) favour the vehicle being a 

vespertilionid, implying this was from Eurasia into the future North American landmass (see 

Section II.3). Thereafter, assuming no role for arthropod vectors, the virus must have spread 

from the original vespertilionid host to other bats of the same and various other families, 

including to the ancestors of present-day vampire bats. The most likely source of such trans-

specific spread would seem to be through through the ‘squabbles’ characteristic of bat roosts, 

mixed-species or otherwise; this is explored further in Section V.3.  

In the New World, spill-overs of the indigenous American strain have also occurred from 

bats into terrestrial mammals. In the case of those from vampires, this is presumably through 

the classic saliva-mediated route. In their feeding on terrestrial mammals, these bats target 

exposed areas with a rich blood-supply102 and make superficial bites (5 mm round x 5 mm 

deep: Fenton, 1992). This contrasts with the generally deeper infective bites of e.g. dogs, 

which determines their efficacy (see Section III.1). This suggests that, unless strains of the 

vampire virus resemble SHBRV (see Section III.3.ii) in their capacity to infect superficial 

cells, many opportunities for transmission are likely to be abortive if they cannot bypass the 

immune system: this might explain evidence for seroprevalence in indigenous people (see 

Section III.5.ii).103 

However spill-overs of the indigenous American strain into terrestrial mammals have been 

found outside the range of vampire bats, implicating other species of bat; also, such spill-

overs of other species of lyssavirus have also been recorded in the Old World, where there 

are no haematophagous bats. How these occurred will be considered further below, in 

reviewing other relevant aspects of the biology of bats.  

Amongst mammals, wings are peculiar to bats; they constitute about 80% of the surface area 

of an African fruit-bat, Epomophorus wahlbergi (Makanya and Mortola, 2007); when 

roosting, they are wrapped around the ‘front’ of the bat, and thus still present a relatively 

large surface to the outside (Figures 1 and 2). They thus represent a considerable target for 

bites during squabbles in the roost, whether driven by a rabies-like infection or for other 

reasons; moreover, the fur typically covering the most of the rest of the body apart from the 

                                                        
102 Thus they have sensors for infra-red radiation on their snouts, and then shave the overlying hair in 

order to target well-vascularised areas before directing superficial bites and lapping up the blood 

oozing as a result of their saliva containing an anticoagulant (Naish, 2007a). 
103 Contrariwise, this might be counterbalanced if there is the potential for a SHBRV-like capacity for 

blood-mediated infection. 



Lyssaviruses and the Evolution of Rabies: A Riddle Wrapped in an Enigma 

127 

 

face and adjoining regions of the head, together with the small teeth of most bats (e.g. Feder 

et al., 1997), likely restricts the ability to inflict deep wounds elsewhere. 

 

Figure 1 Cave-roosting lesser horseshoe bats (Rhinolophus hipposideros);104 

the two bats on the right have covered their eyes to sleep (some species which 

roost in exposed locations have evolved transparent windows in their wings 

so that they can monitor for predators without having to move their wings 

when they wake up).  

The main wing membrane can be divided into 3 subsections (Figure 2): the protopatagium 

extends from the shoulder to the thumb along the leading edge of the wing; the 

plagiopatagium extends laterally from the torso and hind leg to the fifth phalange; whilst the 

dactylopatagium (or chiropatagium) occupies the distal portions of the wing between the 

second and fifth phalanges. In addition, there may be an interfemoral membrane (the 

uropatagium), which extends between the hind limb and the tail in many bats.105 Overall, the 

membrane comprises a thin bilayered epidermis separated by a core of dermal connective 

tissue with a hypodermis containing a vascular capillary network which has been proposed to 

be important in gaseous exchange (Makanya and Mortola, 2007), as well as for 

thermoregulation (Lyman, 1982). 106  Skeletal and intrinsic (intra-membranous) striated 

                                                        
104  Photo by Jessicajil (https://www.flickr.com/photos/69439747@N00/3206961624), downloaded 

from Google Commons. 
105 The uropatagium is not present in all bats, and is reduced in free-tail bats (e.g. Tadarida spp.). 
106 Both as a blanket and as a radiator, as a result of vasodilation (they may also lick saliva on 

themselves as an additional aid to cooling), over and above the implications of the wings’ 

increased surface area for heat- and evaporative water-loss vs. respiratory exchange (and thus the 

potential for stress-related effects in suboptimal environments, whether on a daily basis or in the 

longer term). Such conflicting consequences may reinforce the need to enter into torpor during 

https://www.flickr.com/photos/69439747@N00/3206961624
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muscles, with their associated cranial and cervical innervation for the control of flight and 

manoeuvrability (Swartz et al., 2012; Hedenström and Johansson, 2015; Swartz and Konow, 

2015), are restricted to the protopatagium and plagiopatagium (Crowley and Hall, 1994; 

Cheney et al., 2014; Cheney, 2015), as well as the uropatagium (Vaughan, 1970a; Norberg, 

1972; Kobayashi, 2017). Apart from this motor innervation and that of the vascular system, 

there is also innervation of the sensory Merkel cells associated with many of the sparsely-

distributed hair follicles, together with other more extensively-distributed somatosensory 

elements related to the detection of touch and air-flow, including on the dactylopatagium 

(Sterbing-d’Angelo et al., 2011; Marshall et al., 2015; Swartz and Konow, 2015).  

 

Figure 2 A: The expanded wings of P. pipistrellus.107 D, dactylopatagium; Pl, 

plagiopatagium; Pr, protopatagium; and U, uropatagium; structures visible in 

the Pl are mainly bundles of elastin fibres. B: Distribution of the potential 

targets for lyssavirus or other infections in different areas of the bat wing. 

 

Differences in vascularisation may mean that the innate immune system is less readily 

activated in the dactylopatagium compared to the uropatagium, which has been suggested to 

                                                                                                                                                                            
roosting in many bat species, with implications not only for the capacity for their immune 

responsiveness but also for the potential infectivity of thermo-sensitive pathogens. 
107 Adapted from a photo by Barracuda1983 

(https://commons.wikimedia.org/wiki/File:Pipistrellus_flight2.jpg).  

A 

B 

https://commons.wikimedia.org/wiki/File:Pipistrellus_flight2.jpg
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explain the more rapid wound-healing in the latter as a result of its richer blood-supply and a 

more effective initial inflammatory response (Faure et al., 2009; see also Weaver et al. 

[2009] for the plagiopatagium): presumably the thin nature of most of the wing membrane 

means that direct gaseous exchange with the atmosphere reduces the need for a capillary 

supply in those areas lacking muscles, although this is at the expense of the other roles 

mediated by the circulatory system.108  

Figure 2B summarises the distribution of different tissues in the typical bat wing, and thus the 

various opportunities for viruses to infect not only intrinsic cell-types in the wing itself but 

also components of its innervation, as well as entering the blood-stream. In the case of the 

wing muscles, their nicotininic receptors provide the opportunity for an initial ‘booster’ to the 

original inoculation; speculatively (see Section III.2), lower receptor densities may mean that 

there is a prolonged latency before prodromal and thence clinical symptoms become 

manifest, assuming a classical pattern of rabies infection. 

Assuming that oral secretions are the main medium for viral transmission, other possibilities 

present themselves, again not restricted to vampire bats. One alternative dimension is 

suggested by the fact that, as noted above, many species of bat use intense high-frequency 

sounds for echo-location in order to navigate within their roosts and when foraging outside, 

as well as to convey information about the sex and other individual characteristics of the 

emitter (e.g. Voigt-Heucke et al., 2010; Jones and Siemers, 2011; Knörnschild et al., 2012). 

In addition, they also use lower frequency sounds (‘social calls’) in order to communicate 

between mother and offspring and during agonistic and other encounters (Fenton, 2003; 

Pfalzer and Kusch, 2003; Dechmann and Safi, 2005; Luo et al., 2017). Whilst there is 

evidence that lyssaviruses are detectable in the lungs of at least some bats (see Section IV.2), 

it is not known whether this is due to infection of the autonomic innervation or is more 

extensive. 109  However it is conceivable that vocalising could lead to the production of 

infective aerosols, from saliva at least. If so, inhalation of air-borne viruses would have the 

potential for relatively direct access to the brain via the olfactory system (Winkler, 1968; 

Constantine et al., 1972; Winkler et al., 1972; Johnson et al., 2006b; Davis et al., 2007), 

                                                        
108 Apart from the needs of the muscles in the uropatagium as an aid to manoeuvrability, the richer 

vascularisation of this portion of the wing presumably reflects its being thicker as an adaptation for 

capturing and propelling prey towards the mouth in insectivorous bats (Swartz et al., 1996; Bullen 

and McKenzie, 2001; Hedenström and Johansson, 2015).  
109 It would seem unlikely that rabies-related or other viruses induce cold-like symptoms in bats, since 

developing even minor sniffles would impair the ability to sonicate and thus to navigate in order to 

find the food essential for short-term survival in many species. 
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although the results of in vivo studies are ambiguous about the potential importance of this 

route for rabies and other lyssaviruses (see Section IV.2). Nonetheless, reminiscent of a major 

route for the spread of human α-herpesviruses elsewhere (reviewed by e.g. Mori et al., 2005; 

Eshleman et al., 2011), there is circumstantial evidence that rabies may be transmitted 

between bats (T. b. mexicana) through such aerosols in large cave colonies, where there is a 

dense congregation in an enclosed space; moreover, foxes, coyotes and hamsters kept in 

close-meshed cages underneath went on to develop furious rabies after a variable incubation 

period. In addition, there is evidence for aerosol transmission from laboratory-based studies 

(reviewed by Constantine, 2009; Banyard et al., 2011), so that it has also been suggested that 

this route may also account for spill-overs from bats to humans (Conomy et al., 1977; Afshar, 

1979); however it is generally considered that so-called ‘cryptic’ cases110 are more likely to 

be through unnoticed superficial bites, although how these lead to productive infection is not 

known (Gibbons, 2002; Messenger et al., 2003; Kuzmin and Rupprecht, 2007; Warrell, 

2009). Thus, regardless of the possible mode of transmission, the Advisory Committee on 

Immunization Practices in the United States has recommended that post-exposure 

prophylaxis should be given in cases of direct contact with a potentially rabid bat when a bite 

or scratch cannot be ruled out (Manning et al., 2008). Tuttle (2017) provides an interesting 

perspective on the underlying issues and potential abuses by the (private) medical profession, 

together with problems related to ascribing direct spill-overs of rabies from bats into humans 

(including that the final stages of rabies may only emerge many years after a long-forgotten 

bite from whatever source). 

An alternative explanation for Constantine’s original experiment with canids and other 

terrestrial mammals in a bat cave might be that they were infected by contaminated faeces or 

urine, a concern which has been expressed regarding other viruses (e.g. coronaviruses: 

Wacharapluesadee et al., 2013). Evidence for lyssaviruses has been looked for and detected 

in the kidneys, bladder and/or gut in some other studies (although it is not clear whether this 

was in their associated innervation; see Section IV), as well as in the faeces in one (Allendorf 

et al., 2012), raising the possibility that excretory products might be a source of onward 

transmission of these as other viruses. This would be most likely in roosts: whilst bats take 

                                                        
110 Detected bites accounted for only seven of 41 reported fatal cases of humans as a result of bat 

rabies variants in the United States over the period 1990-2015; reported unprotected physical 

contact was associated with another ten, as well as being likely in a further seven (Dato et al., 

2016). 
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measures to ensure that they do not soil themselves when voiding their wastes, 111 

‘subordinates’ on lower perches may be exposed to pathogens when they clean themselves as 

a result of being the unwitting target of potentially contagious ‘presents’, as might bats flying 

below. However this would seem to be a long shot, based on a study of four naturally-

infected dogs: this found that, whilst rabies RNA could be detected in renal tissue and the 

uncentrifuged urine, no evidence for the virus itself was found (Sitprija et al., 2003).  

Finally, Kuzmin et al. (2008c) reported the presence of infectious Lagos bat virus in the 

reproductive tract and in a vaginal swab of a single Ei. helvum which, they noted, suggests 

yet another potential route for onward transmission. 

In between the initial establishment of any infection and its successful onward transmission 

to new hosts is the need for a virus to not only co-opt the existing host’s cellular machinery to 

produce progeny but also to minimise the impact of its immune system. There is evidence 

that both the innate and acquired immune systems in those few species of bat which have 

been investigated have certain adaptive features which differ from those seen in the various 

other eutherian mammals which have been studied (reviewed by e.g. Schountz et al., 2017). 

The ancient history of chiropterans and their apparently being the source of various viral 

groups which have subsequently spilled over to become established in other mammals have 

led to suggestions that the prolonged period of co-evolutionary arms races between the 

viruses and their hosts’ immune systems means the bats are relatively unaffected by being 

infected.  

Using the foregoing as a preliminary foundation, the following section will consider how 

lyssaviruses might have evolved during and after spill-overs from their presumed original 

arthropod hosts. 

3. The Problem of the Origin of Rabies and Other Lyssaviruses 

Lyssaviruses represent a monophyletic clade which is highly divergent from other 

rhabdovirid genera (Rupprecht et al., 2011). Apart from genomic studies, the fact that rabies 

virus may not have as severe an impact on bats as has been found to be the case for large 

terrestrial mammals has been suggested to be consistent with bats being the original natural 

reservoir for this and other lyssaviruses (Calisher et al., 2006; Rupprecht et al., 2011; 

Hayman et al., 2012c). 

                                                        
111 http://boards.straightdope.com/sdmb/showthread.php?t=149867.  

http://boards.straightdope.com/sdmb/showthread.php?t=149867
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The apparent ancestry of the rhabdovirid family in arthropods (see Introduction) suggests that 

at least the progenitor of the genus Lyssavirus may have originated as a spill-over from these, 

whether passively through the consumption of infected arthropods or actively so by way of 

blood-sucking vectors. Thus Constantine (2009) suggested that transmission could be 

mediated by the bites of mites and other haematophages; or even on the external surface of 

the larval and adult stages of dermestid beetles.112  

Regardless of the transmission mechanism(s), it is generally assumed that a single past spill-

over occurred, presumably in Eurasia based on current evidence. Whilst this seems the most 

parsimonious hypothesis, there might be the possibility that there have been multiple such 

events, including up to the present-day; that this could be the case is brought to mind by the 

in vitro studies on the Mokola virus, and possibly the lack of a known bat host for two other 

lyssaviruses (although inadequate sampling is just one possible alternative explanation). 

The following will consider the two most likely routes for spilling over from arthropods, and 

how enzootic lineages might possibly have become established in bats.  

i. The Predatory Route A spill-over from eating infected arthropods could be through 

damage by the exoskeleton breaching the physicochemical barriers normally present in the 

lining of the oral or other portions of the digestive tract; or as a result of other means of 

uptake from the lumen. That this is conceivable is suggested by the efficacy of oral 

vaccination of present-day terrestrial mammals against rabies (see above). Such spill-overs 

would presumably be an ongoing series of one-off events, with no opportunity to spill back 

into their insect prey; the end result was that, by chance, the ancestral lyssavirus emerged 

with its panoply of genetic (pre-) adaptations to circulate within not only that particular host 

individual but also with the capacity to be shed in a manner which would allow its progeny to 

spread to others.  

To this end, it is possible to conceive of a scenario where damage to the lining of the mouth 

might lead to uptake by afferent and efferent neurone nerve-endings (including those 

innervating the taste-buds) to establish a latent infection, reminiscent of that described above 

for α-herpesviruses; indeed there might be the possibility of a positive feedback (suggested 

above vis-à-vis the tongue, as a result of salivary viral excretions), including the additional 

                                                        
112 Scavengers which feed on the integument (carpet beetles) as well as the underlying tissues of 

carcasses: https://en.wikipedia.org/wiki/Dermestidae.  

https://en.wikipedia.org/wiki/Dermestidae
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potential for infection of the olfactory system from self-produced aerosols, whereby 

productive infection of one output leads to its spread to others in physical proximity.  

An intriguing potential insight relates to the various origins have been proposed for the 

evolution of sanguivory in vampire bats, with five basic hypotheses having been advocated 

(Naish, 2007b). Of these, the most likely was considered to be that haematophagy evolved 

through the vampire bats’ ancestors developing a taste for ectoparasitic arthropods 

congregating at wounds on terrestrial hosts. Noting that vampire bats are phyllostomids and 

developing on the ideas of Fenton (1992), Naish (2007c) proposed that their ancestors might 

have been part-time nectarivores which also fed on insects; the fact that they also fed on 

nectar would mean that they would be pre-adapted to lapping up blood from open wounds, 

whilst their phyllostomid dentition would favour the evolution of a more direct means for 

obtaining this alternative liquid diet through biting of the afflicted animal.113 Thus, rather 

than getting infections from terrestrial mammals themselves, contagions could instead (or in 

addition) have been obtained from the associated ectoparasites, assuming that this was the 

route for the progenitor of a branch of a Rabies virus lineage to establish a foothold and 

ultimately give rise to the indigenous American clade. 

Developing upon this, a variant is that grooming to be rid of body parasites (Marshall, 1982) 

may also be an alternative source of viruses from ectoparasites over and above the 

haematophagous route, with their ingestion being an alternative means to close the initial 

infective cycle. As considered in the following section, such grooming behaviour also opens 

up the possibility of infection from ingestion of recent salivary deposits from other bats 

infected with rabies-related or other viruses. 

ii. A ‘Parasitic’ Route The problem of how onward transmission might be achieved is 

avoided in the alternative, where the original arthropod host(s) and the potential new 

mammalian host(s) were (and conceivably still are) linked in a closed loop through the 

former transitioning from being the primary host to becoming a vector and then presumably 

ultimately becoming superfluous.114  Intriguingly, it is noteworthy that Serra-Cobo et al. 

(2013) identified European bat lyssavirus type 1 in blood clots from samples of various bat 

                                                        
113 Suggested to explain why no Old World haematophagous bats have evolved. 
114 It has been suggested that the hepatitis B virus may be transmitted by haematophagous insects 

(Blumberg, 1977; Echevarría and León, 2003; the latter authors also proposed that vampire bats 

may be intermediaries), as well as the hepatitis C flavivirus (presumably on the external 

mouthparts of such insects: Pybus et al., 2007; Pybus and Thézé, 2016). Such a mechanism would 

explain how blood-borne hepaciviruses might circulate in species other than carnivorous ones. 
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species in roosts in Spain, suggesting the potential for vector-borne infections even in the 

present-day. 

The family Rhabdoviridae includes other members where haematophagous arthropods serve 

as vectors for viral transmission between mammalian hosts, including bats as well as humans: 

the so-called dimarhabdoviruses 115  in Africa and elsewhere (Aznar-Lopez et al., 2013; 

Kading et al., 2013; Binger et al., 2015; Li et al., 2015a, b);116  and a group of insect-

transmitted rhabdoviruses in bats from various parts of Southeast Asia.117 Initial studies on 

the kotonkan virus from Culicoides midges in Nigeria (associated with a type of bovine 

ephemeral fever there) and the Obodhiang virus from mosquitoes (Mansonia uniformis) in 

Sudan found them to be related serologically to the Mokola virus and other lyssaviruses; they 

were thus proposed to be arboviruses118 which bridged the gap separating lyssaviruses from 

their presumed arthropod ancestors (Shope, 1982; Calisher et al., 1989). Both viruses can be 

adapted to infect mammalian cell-lines through co-culture with ‘helper’ insect cells (Buckley, 

1975);119 they also were able to multiply efficiently in mouse neuroblastoma cells (Clark, 

1980). However further studies have indicated that these two viruses should instead be 

assigned to the genus Ephemerovirus,120 along with Bovine ephemeral fever virus, members 

of a group of Old World dimarhabdoviruses. Serological crossreactivity of the kotonkan and 

Obodhiang viruses with lyssaviruses is presumably due in part to the presence of a second 

glycoprotein (GNS) more closely related in sequence to the single glycoprotein found in the 

last (Blasdell et al., 2012). 

Given the relatively large exposed of area of the wings of bats and their hairlessness, these 

would be likely to be primary targets for haematophagous insects such as mosquitoes in 

roosts; other relatively large, more truly ectoparasitic arthropods (Madej et al., 2013)121 

would instead favour the shelter of hirsute parts of the torso, as they do in other mammals, or 

                                                        
115 Dipteran-mammal-associated rhabdoviruses: an apparent phylogenetic ‘supergroup’ of arboviruses 

in this family (Kuzmin et al., 2009; Longdon et al., 2015). 
116 Including evidence for a sustained infections by Kumasi rhabdovirus of the spleen in members 

(especially juveniles) in a colony of the fruit-bat Ei. helvum in West Africa, with serological 

evidence for transmission to pigs and humans living in the vicinity of the seasonal roost (Binger et 

al., 2015). 
117 No species were identified: http://www.healthmap.org/predict/ 
118 A general term for arthropod-borne viruses. 
119 cf. the Mokola virus, which was able to infect either mammalian or insect cell-lines.  
120 They have both since been recognised as distinct species: https://talk.ictvonline.org/taxonomy/ 

(2016 release). 
121 For a review of insect families, see Marshall (1982). Whilst most are blood-suckers, Arixenia spp. 

have biting mouthparts and are thought to be grazing commensals on the skin, its debris and 

exudates of a hairless molissid, whilst remaining in the host’s roosts. 

http://www.healthmap.org/predict/
https://talk.ictvonline.org/taxonomy/
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else are resident in the latters’ roosts.122,123 However, whilst such vectors may have played a 

bridging role in the past, evidence for strong positive selection of known lyssaviruses would 

seem to argue against their continuing relevance, based on other studies on RNA viruses 

(Woelk and Holmes, 2002).  

As noted above, the nature of the wings of bats means that there is a range of different 

possibilities regarding how a potentially competent virus may spill over, depending on the 

cell-types to which it is initially exposed by a biting arthropod (see Figure 2B).124 Infections 

of the more distal portions (the dactylopatagium) would be most likely to infect cutaneous 

cells and, to a lesser extent, the associated sensory and autonomic innervation, given the 

relatively poor vascularisation of this wing segment. Infection of the former cells would lead 

to a local spread (presumably facilitated by viral variants which promote direct cell-to-cell 

transmission, as reported for the SHBRV and fixed strains of the rabies virus: Morimoto et 

al., 1996; Dietzschold et al., 2008); such a proposal would not seem unreasonable, given 

Capewell et al.’s (2016) having identified the dermis and subcutis as a reservoir for African 

trypanosomes in mice and humans.125 On the other hand, infection of the sensory innervation 

(whether directly or through passive spread from epithelial cells: Figure 3) raises the 

possibility of establishing one ‘reflex/reflux’ route for the initiation of the (latent) infection of 

their neurone somata, recollecting the situation regarding human α-herpesvireses (see 

above).126 In addition, direct or indirect infection of the autonomic innervation opens up 

                                                        
122 Thus the likes of bed-bugs (Cimex lectularius) remain at the roost between intermittent blood-

meals; interestingly, the latter infesting European bats may be closely related to those in humans 

(Marshall, 1982; Booth et al., 2015; cf. Balvín et al., 2012), and Williams et al. (1976; see also 

Adelman et al., 2013) have noted possible ongoing spill-overs of a bunyavirid into guano-

collectors from bed bugs in caves in Southeast Asia. If these or other ectoparasites can also infest 

e.g. canids, then this suggests a third alternative explanation for Constantine’s (1967) finding that 

bat rabies may spill over into caged terrestrial mammals.  
123 Broadly speaking, the likes of female mosquitoes can be considered as ectoparasites, but the fact 

that they only transitorily ‘parasitise’ any one particular host individual means that they are 

generally categorised as ‘micro-predators’ (https://www.cdc.gov/parasites/about.html).  
124 Whilst micro-predators such as mosquitoes might be expected to target capillaries, the fact that the 

(distal) wing acts as a respiratory surface in its own right for the emission of CO2 may serve as a 

diversion for such vectors probing for blood-vessels. 
125  These authors found that this protozoan parasite, which normally circulates in the blood in 

mammals, was detectable in human skin biopsies as well as those of mice after intraperitoneal 

injection (without any evident inflammatory response, and in the absence of parasitaemia), with 

comparable results being seen when the latter were infected by bites from the natural vector, tsetse 

flies; moreover, these insects could be infected in turn by trypanosomes from skin preparations. 
126 Somewhat tangentially, this serves as one of the best means for diagnosis of presenting human 

patients ante mortem (Jackson, 2007); as well as being found in the muzzles of skunks and 

American red foxes (Balachandran and Charlton, 1994). It is tempting to speculate that this might 

reflect a ‘primitive’ viral adaptation. 

https://www.cdc.gov/parasites/about.html
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possibilities regarding the spread of the virus centrally and thereafter to other output targets, 

such as the salivary glands, in a ‘reflex arc’. 

  

Figure 3 Various parallel conjoint routes are possible for the presumptive ancestral 

lyssavirus to become established in bats through an initial spill-over of an arbovirus 

from a haematophagous insect or other arthropod as a result of bites directed at various 

portions of the wings. 

The plagiopatagium and uropatagium (as well as the much smaller protopatagium) are better 

vascularised in order to support the various muscles therein, and hence are likely to be less 

susceptible to infection as a result of a better-developed inflammatory response. Based on the 

hypothesis of Baer et al. (1990) and assuming that they are bestowed with a lesser density of 

nicotinic receptors than those muscles directly involved in the generation of the wing-beats 

themselves, they could represent a more long-term reserve for the initial ‘smouldering’ 

development of an infection (see Section V.1) and thus a relatively prolonged latency for the 

development of an acute transmissive phase. Furthermore, their richer vascularisation 

increases the likelihood of an insect vector obtaining a blood-meal, as a potential route for 

their associated arboviruses to establish a more widespread infection such as is typical of 

other such viruses in terrestrial mammals. Related to this, Serra-Cobo et al. (2013) identified 

European bat lyssavirus type 1 in blood clots from samples of various bat species in roosts in 

northern Spain; this might conceivably represent a relictual vector-mediated means of 

transmission as well as the evolution of an alternative, short-circuiting route. However there 

is the potential to infect the various other cell-types present, including the relatively exposed 

musculature and its attendant motor innervation, whilst probing for a blood-vessel.   

For the presumed ancestral lyssavirus to establish a ‘wing-hold’ in bats by taking advantage 

of the diversity of tissue-types which are accessible, it would need to be able to bind to the 
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exposed domains of one or more types of molecule shared by these various types of cell. 

Studies on Rabies virus indicate that it is capable of infecting a large variety of cell-types in 

vivo and in vitro (Warrell, 2009). As noted in Section III.1, there is evidence that N-CAM 

plays a role as an acceptor for the initial infection by the rabies virus of striated muscles and 

motoneurones. Immunohistochemical studies in adult rats (Filiz et al., 2002) have localised 

crossreactivity for N-CAM not only in various areas of the brain and spinal cord but also in 

the autonomic innervation of anterior portions of the digestive tract (see also Faure et al., 

2007), together with non-neuronal cells in its lining; and in the alveolar cells of the lung, the 

luminal membranes of cells lining proximal convoluted tubules of the kidney, and the 

innervation of the male reproductive system. Little information would appear to be available 

regarding other tissues such as the salivary glands; however, given that N-CAM has been 

found to play a crucial role in cell division, migration and differentiation, it is likely to be at 

least transitorily expressed in various non-nervous tissues as a result of the normal turnover 

of cells therein, thereby presumably rendering them susceptible to rabies infection. 

Thus, according to the hypothetical scenario summarised in Figure 3, the initial establishment 

of infection from haematophagous micro-predators or from grazers and other roost 

ectoparasites which targeted the wings of roosting bats could lead to multiple different types 

of cell serving as sites for viral replication for potential onward transmission to another biting 

insect host-vector. Presumably the infection of epithelial tissues would be the most likely to 

occur but passive spread could enhance the chances of other local constituent cell-types also 

being infected, including central afferent and efferent neurones (potentially as ‘reflex/reflux’ 

reservoirs for latent infection, with delayed amplification of viral production) and the 

autonomic system as a ‘reflex arc’ to further amplify viral spread, as well as through blood-

borne infections (assuming that replication within the host can result in a sufficiently high 

viraemia for onward transmission to occur).  

Moreover, as noted above, agonistic and other interactions between bats are likely to lead to 

bite-inflicted damage to their wings: for example, Shankar et al. (2004) reported that all Ep. 

fuscus caught to set up a captive colony had small, tooth-sized puncture scars on the wings 

when brought in from the field. This raises the possibility that contagion may be passed on 

through infection of the oral cavity (or digestive tract, if bits of the bitten bat’s wing are 

swallowed) of the biting bat, helping to close the circulation cycle and render an insect vector 

redundant. The initial elements in this postulated scenario – infection of epithelial and 

neuronal cells – are reminiscent of the situation described above for the three herpes viruses; 
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the main difference is that mucous epithelia are requisite for person-to-person contagion of 

the latter, something not necessary (or even likely) for insect-mediated transmission.  

Whilst infections with herpes viruses are typically limited in their ability to spread within the 

central nervous system after reactivation in the vast majority of infected individuals, 

lyssaviruses must have further progressed to infect the rest of the central nervous system 

(‘commandeering spread’ in Figure 3), culminating in classical rabies-like syndromes with 

the virus effectively trying to take control of its own fate. 

It is fully recognised that the above scenario, as it stands, represents a tentative ‘Just So’ 

story: to have any merit, it should generate testable hypotheses which, whilst not necessarily 

yielding direct supporting evidence, might narrow down the range of alternative possibilities. 

To recapitulate the foregoing, the underlying assumption is that lyssaviruses originated as 

spill-overs from haematophagous (or possibly grazing) arthropods directed mainly at the 

exposed wings of roosting bats; given the presumption that such spill-overs no longer occur, 

viral cycling is now enzootic within bats, being mainly mediated by bites in a bi-directional 

exchange of virions between the biter and the bitten. As indicated in Figure 2B, there are 

differences between regions of the wing in the number of tissues present. These comprise: 

1) epithelial structures for the potential local spread of infection, such as seen with the 

SHBRV in vitro; 

2) sensory elements for the potential (restricted?) central spread of infection, reminiscent 

of the likes of the α-herpesvirus model;  

3) potential autonomic spread via the innervation of blood-vessels and other structures to 

other targets (including the salivary glands); 

4) potential vascular spread, as suggested by experiments on mice with the SHBRV in 

vivo; and  

5) potential musculo-neural spread in areas of the wing other than the dactylopatagium. 

Probability-wise, infections would be most likely to occur in the order (1) to (5) based on 

relative areas of the tissue-types involved; the fact that it is mainly the dactylopatagium and 

the much smaller protpatagium which are exposed in roosting bats (Figure 1) further skews 

the probability (as with the original spill-overs from insects). A primary prediction would be 

that effective administration of virus to different components of the wing might lead to the 

establishment of local infection and, in some cases at least, ‘reflex’ amplification (Figure 3), 

with or without the development of an acquired (but not necessarily neutralising) immune 

response: Franka et al. (2008) found evidence for transient seroconversion after scratching of 

the protopatagium, but noted difficulties in standardising the dosage administered. The 

possibility of natural infection could be determined by sampling wings for evidence of 
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lyssavirus infection, in particular in areas with existing tears and those which have healed: 

regenerated wing tissue is often unpigmented,127 raising the possibility that it may serve as 

the focus for attacks by other bats and thus conceivably a means for promoting transmission 

of local infections to attacking bats. Moreover, the size and location of present or past 

damage may influence any infectivity: whilst bats can tolerate relatively large areas of 

damage to their wings (Davis and Doster, 1972), that to particular portions can impair their 

manoeuverability in order to capture prey as well as to interact with other bats (Voigt, 2013). 

Recalling Constantine’s (2009) suggestion that bats’ susceptibility to rabies may be increased 

by stress, this may influence how an infected bat copes with the problem of infection (Pollock 

et al., 2016), more especially in situations where there is increasing demand for energy intake 

as in the case of pregnant and lactating females (Ceballos‐Vasquez et al., 2015).  

A major lacuna in this scenario is the ‘leap’ from the hypothetical insect-bat spill-over(s) to 

those where biting bats can act as vectors for transmission from those they have bitten. 

Implicit in the foregoing is that the evolving virus must be able to (i) infect oral or other 

tissues as a way of establishing a new infection, presumably by way of taste receptors or 

other cell-types in the buccal cavity being infected by wild-type viruses, with or without prior 

tissue damage; and also (ii) serve as a fount for the onward spread of contagion, either as a 

direct result or via prior infection of the autonomic nervous system at large (and thus e.g. the 

salivary glands) through the spread of virus in a ‘reflex arc’ from the presumed original focus 

in the wing.  

Salivary secretion of virions has been presumed to be the default route for onward 

transmission in bats, based on the hypersalivation seen with classical rabies in terrestrial 

mammals. On the other hand, the apparent low level of virus shedding in the saliva of bats in 

many experiments raises questions about whether other routes may be implicated (reviewed 

by e.g. Vos et al., 2007; Freuling et al., 2009).128 An alternative or additional possibility 

might be that lymphatic components of the bat’s presumed homologue of Waldeyer's tonsillar 

ring could serve as a reservoir (cf. herpes virus 3, for example), as has been reported in the 

case of a dog which, nursed to recovery after infection with an apparently mild strain of wild 

rabies, continued to produce virus in its saliva (Fekadu et al., 1983 [abstract]; see Section 

                                                        
127  Something which biologists take advantage of by punching holes as a means of identifying 

individuals over the long-term. 
128 However this presumes a marked hypersalivatory response; in the absence of the latter, it might be 

that stress from capture and sampling leads to a ‘dryness of the mouth’ in bats as in humans, at 

least; it presumably also leads to vocalisations and thus aerosol dispersion of the existing (virion-

containing) oral fluids. 
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III.5.i).   

Thus the ‘classical model’ – representing the acme of rabies-transmissability through the 

‘commandeering’ of the nervous system at large in furious and paralytic forms of the disease 

– need not to apply as the standard aetiology for all clades within Rabies virus, at least in 

bats, never mind other members of the genus: comparable effects of the latter in terrestrial 

mammals may merely be the result of nascent paralogous effects reflecting their shared (bat) 

ancestry and the extent of the similarities of their genomes to that of the rabies virus itself, as 

exemplified by the effects of the Lagos bat virus in mice (Badrane et al., 2001; Markotter et 

al., 2009). Hence, as noted in Section IV.1.i, there is little clear evidence for rabies-associated 

mortalities in wild populations. Where ‘commandeering’ infections do occur, there is 

evidence for variability in the onset of clinical disease in bats, as in terrestrial mammals (see 

Sections III.2 and 5): the record would seem to be for a My. daubentonii which was attacked 

by a cat and was kept in isolation after having one wing amputated but developed furious 

rabies nine months later due to a prior European bat lyssavirus type 2 infection (Pajamo et al., 

2008); almost as long is one report for Ep. fuscus which was presumably infected in the wild 

with one of the species’ variant viruses (Davis et al., 2012b). This together with the lack of a 

fixed period between experimental infection and the death of affected bats suggests that, if a 

proportion of members of a cohort is infected, the variability in the onset of a terminal, 

potentially transmissive phase is spread out over time to maximise the chances of access to 

other, immunologically naïve individuals. This variability could be stochastic; or else in 

response to signals from the host regarding its current health-status: the latter would be 

reminiscent of the situation regarding arousal from latency noted above for α-herpesviruses, 

and recalls the ideas of Constantine (1967, 2009) that stress may play a role in determining 

the natural development of disease in infected wild populations of the migratory T. b. 

mexicana. Banyard et al. (2011) have noted that many experiments are terminated after a 

relatively restricted period (e.g. three months) so that this may give a false picture of the 

potential infectivity of a particular treatment; thus the ideal would be to have longer-term 

survival, with the possibility of including certain variables (including environmental 

temperature cycles and their effects on torpor as distinct from hibernation)129 to determine 

                                                        
129 Thus, for example, resting vampire bats are essentially poikilothermic (reflecting their low-fat 

diet), at the opposite extreme from large pteropodids which are homoeothermic (Lyman, 1982; 

Geiser and Stawski, 2011). In tropical species, roosting torpor has been associated with ‘shallow 

heterothermy’, where a decrease in heart-rate leads to a slow down in the metabolic rate (O’Mara 

et al., 2017a, b), with consequences for the immune system as well as any viral infection (cf. the 

fever hypothesis of O’Shea et al., 2014b). Recalling of the results of Morimoto et al. (1996), 
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whether the latter might have a modifying effect in triggering (or otherwise) the onset of 

clinical disease. 

Regarding the other modes of infection – passive local spread and ‘reflex’ amplification – 

these might account for the often much greater prevalence of seropositive bats as compared 

with those which are evidently virus-positive. This disparity is generally assumed to be the 

result of failed infections, but the present scenario hypothesises that these may be effective in 

their own right with the potential for onward transmission serving as the necessary 

intermediate ‘missing link’in the evolution of pathogenesis which culminates in classical 

rabies such as seen in canids today. Moreover, were ‘reflex’ amplification to apply, then 

infected bats might represent latent carriers as in the three herpes viruses, thereby rendering 

models such as those of Dimitrov et al. potentially relevant (see Section IV.3.i). The often 

high proportion of seropositivity would seem to suggest that the original infection occurs in 

relatively young bats, after any pre-existing maternally-derived immunity has worn off (Scott 

and Nel, 2016). Furthermore, the presumably limited exposure of many wing epithelial cells 

to blood-borne antibodies might mean that, if infected, islands of these can persist as a result 

of their ability to down-regulate local innate immune responses: they thus might represent an 

additional category of immunologically-privileged tissues as a reservoir for potential further 

spread within the individual (somewhat reminiscent of the proposed role of muscles in 

classical rabies infections) as well as for onward transmission to others. 

VI. Conclusions 

Most viruses which infect the nervous system at large are ‘opportunistic’: their spread is self-

defeating, in that they lead to the the demise of the present host without further ensuring 

onward transmission to new hosts (Koyuncu et al., 2013; Swanson and McGavern, 2015). 

Notable exceptions include human herpes viruses 1-3, which normally establish latent 

infections limited to particular sensory neurones with the potential for re-emergence to infect 

new hosts; however, as with many other viruses, the unconstrained central spread of these in 

certain individuals leads to self-defeating neuro-inflammatory disease. 

The apotheosis of such passive strategies is the ‘furious’ rabies condition, where infection 

most effectively commandeers the present host’s behaviour and viral output in order to try to 

ensure a new host at the expense of the current one – the latter represents a disposable soma, 

                                                                                                                                                                            
Sadler and Enright (1959) found that whilst hibernation (4 ºC) arrested the development of 

experimental rabies infection in Antrozous pallidus, induced daily torpor (22 vs. 37 ºC) had little 

apparent effect.   
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rather than a potentially threatened one as typical of the inherent ‘reflex’ responses of herpes 

viral infections. Such emergent specialisation reflects in part an increasing sophistication in 

the virus’ ability to subvert its host’s immune defence systems. On the other hand, there is 

evidence that the rabies virus in bats may not always be associated with the classical furious 

or paralytic symptoms seen in many terrestrial mammals, although it is debatable whether 

this reflects abortive infections which failed to establish a sustainable route for onward 

transmission. 

Considered in this context, Rabies virus is a “riddle wrapped in an enigma.”130 The riddle is 

how strains circulate within various species of bats in comparison to their epidemiology in 

various ‘typical’ terrestrial mammalian populations; and how this relates to that of other 

lyssaviruses in their presumed natural reservoirs. The enigma is the nature of the presumed 

transitional stages in the evolution of the genus Lyssavirus from an arthropod virus via being 

able to not only infect and presumably become enzootic in mammals (presumably in bats 

initially) but also to thereafter to ultimately acquire a sophisticated strategy where, rather than 

being dependent on the host’s survival (including being sensitive to signals which may 

presage the latter’s demise, as exemplified by α-herpesviruses), the virus instead seeks to take 

control of its own future through subverting its current host’s nervous system at large and 

potential output sources for its own onward propagation.  

Considering the enigma first (since this might provide clues to answering the inherent riddle), 

it is hypothesised that the wings of bats not only represent a unique adaptation for powered 

flight but that they thereby also present a large surface area for the attention of 

haematophagous arthropods when roosting. Based on what is known about the properties of 

various strains of Rabies virus, in particular, various stages have been proposed as to how the 

classic furious and paralytic manifestations of infections might have arisen (Figure 3). 

Moreover, these intermediate stages may still prevail in bats (whether as acute, chronic or 

‘smouldering’ infections), thereby suggesting experiments which might help to resolve the 

riddle of the occurrence of rabies vs. the resulting seroprevalence against it in bats.  

                                                        
130  https://idioms.thefreedictionary.com/a+riddle+wrapped+in+an+enigma; it is a contraction of a 

foreign policy statement by Churchill in 1939 with regard to the USSR, which concluded that the 

key to resolving the issue was in understanding their national interests. Whilst the latter reflected 

group selection, the phrase as used here relates to natural selection at the level the genes in 

lyssaviruses and how the ‘interests’ of individual virions have evolved over time in order to 

produce a sustainable infection of existing and thenceforth potential new host reservoirs. 

https://idioms.thefreedictionary.com/a+riddle+wrapped+in+an+enigma
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