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1 Introduction 

 

1.1 Bats as potential reservoir hosts for different viruses 

 

Chiropterans, commonly known as bats, form the order Chiroptera, the second largest order of 

mammals with more than 1200 recognized species and almost global distribution (Turmelle & 

Olival, 2009, Fenton & Simmons, 2015, Moratelli & Calisher, 2015). As the only known 

flying mammals, bats have evolved significant anatomical and physiological characteristics, 

of which several appear to be relevant for their role as reservoir hosts of viral agents (O'Shea 

et al., 2014). During hibernation or torpor, the reduced body temperature and low metabolic 

rate are considered to negatively affect the efficient immune response to infections and 

possibly suppress viral clearance (Calisher et al., 2006, George et al., 2011). The roosting of 

certain bat species in gatherings of thousands if not millions of specimens is among the largest 

in the animal kingdom and is thought to facilitate high intra- and interspecific contact rates 

and therefore might allow a rapid transmission of viruses (Calisher et al., 2006, Luis et al., 

2013). The evolution of flight may have enabled bats to disperse viruses into distant areas 

(O'Shea et al., 2014, Han et al., 2015). 

Within the last two decades, bats have been identified to play a key role in the 

emergence and transmission of several viruses, some of them harboring a highly pathogenic 

and zoonotic potential (Calisher et al., 2006, Han et al., 2015). With a proportion of 60.3%, 

zoonotic diseases clearly dominate the group of emerging infectious diseases (EID), with 

viruses representing the agents of about 25% of disease events. The majority (71.8%) of 

zoonotic agents originate in wildlife (Jones et al., 2008). Bats appear to play a significant role 

in the evolution and distribution of lyssaviruses for instance. Rabies virus, as one of the most 

common zoonotic health threats as well as some rabies related lyssaviruses have been 

described to be transmitted from bats to other mammals (Hanna et al., 2000, Johnson et al., 

2010, Kuzmin et al., 2011, Banyard et al., 2014). Furthermore, bats have been suggested to be 

the natural hosts of novel emerging viruses like Hendra and Nipah virus (HeV; NiV), Ebola 

and Marburg viruses as well as SARS-like, MERS-like and other related coronaviruses 

(Halpin et al., 2000, Chua et al., 2002, Leroy et al., 2005, Ge et al., 2013). 
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However, in a balanced ecosystem, spillover events of viruses causing emerging 

diseases are considered to be rare, since the presence of zoonotic viruses has been 

hypothesized to be balanced between wildlife, domestic animals and humans (Daszak, 2000). 

The emergence of some of these zoonotic pathogens might therefore result from recent 

changes to and within the bat-associated ecology (Plowright et al., 2008). Anthropogenic 

environmental changes, e.g. the increased urbanization and deforestation have not only 

disturbed natural ecosystems but also intensified the contact between wildlife, domestic 

animals and humans and therefore increased the potential of zoonotic transmission (Hoar et 

al., 1998, Plowright et al., 2011, Kuzmin et al., 2011). Recent examples of such events 

leading to human fatalities in which bats have been determined as primary virus carriers and 

transmitters are the Australian HeV outbreak in 1994 (Murray et al., 1995a, Murray et al., 

1995b, Young et al., 1996, Halpin et al., 2000) or the outbreak of severe febrile encephalitis 

among pig farmers in Malaysia between 1998-1999 caused by NiV infection (Chua et al., 

2000) (see 1.3.). 

 

1.2 Screening for bat-associated viruses 

 

Until today, numerous studies have been performed to investigate the virus diversity found in 

different bat species throughout the world resulting in the detection of a remarkable diversity 

of viruses. Although more than 200 different viruses with pathogenic potential for animals 

and humans were detected in or isolated from bats, transmission to other mammalian species 

has only been reported in some rare events. The general role of bats in the epidemiology and 

spillover of zoonotic viral diseases is still not fully understood (Field, 2004, Moratelli & 

Calisher, 2015, Han et al., 2015). In Europe, besides rare cases of lyssavirus transmission, 

there has only been one report of an orthoreovirus infection in a child from Slovenia (Steyer 

et al., 2013). The child was hospitalized with acute gastroenteritis caused by an orthoreovirus 

that showed a high genetic similarity of up to 99% (Steyer et al., 2013) to an orthoreovirus 

isolated from a bat sample in Germany by Kohl et al. (2012). Further studies to investigate a 

potential serological cross-reactivity between these orthoreoviruses have been suggested 

(Kohl & Kurth, 2014). In numerous molecular studies in Europe, sequences of several viral 

families were found in indigenous vespertilionid bats (Kurth et al., 2012, Gloza-Rausch et al., 
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2008, Drexler et al., 2011, Kemenesi et al., 2014). Representative sequences were assigned 

among others to corona-, astro- and paramyxoviruses.  

 

1.2.1 Coronaviruses 

 

Coronaviruses are large, enveloped, positive-sense single-stranded RNA-viruses and 

belong to the order Nidovirales. They comprise a diverse group of viruses that can infect 

avian and mammalian species and are taxonomically classified as Alpha-, Beta-, Gamma- and 

Deltacoronavirus according to ICTV (Adams & Carstens, 2012). Coronaviruses are known to 

mainly cause respiratory and enteric diseases in humans and other mammals (Moratelli & 

Calisher, 2015). Especially two members of the Betacoronavirus genus recently received 

significant public attention as they caused outbreaks of severe acute respiratory syndrome 

(SARS) in Asia in 2002 and Middle East respiratory syndrome (MERS) in Saudi Arabia in 

2012 (Bermingham et al., 2012). Although bats are considered to play an important role in the 

evolution and subsequent cross-species transmission of SARS coronavirus (SARS CoV) to 

humans, the virus has never been isolated from bats to date (Guan et al., 2003, Lau et al., 

2005). So far, only sequence data with a high level of similarity to SARS CoV as well as one 

SARS-like CoV isolate have been obtained from Chinese horseshoe bats (Rhinolophus 

sinicus) (Guan et al., 2003, Lau et al., 2005, Li et al., 2005, Ge et al., 2013). Interestingly, this 

SARS-like CoV isolate was reported to use the ACE2 receptor of both, human and bat cell 

lines for cell entry (Ge et al., 2013) further indicating a correlation between bats and SARS 

CoV. However, these findings alone do not necessarily prove this virus to be of zoonotic 

potential since cell culture models do not fully reflect the infection process in vivo. From 

European bats, only partial and full genome sequences, mainly assigned to Alpha- and 

Betacoronavirus genera have been obtained so far (Gloza-Rausch et al., 2008, Drexler et al., 

2010, Drexler et al., 2011, Kemenesi et al., 2014). Depending on the bat species, location, 

reproduction status and applied laboratory techniques, coronavirus detection rates in these 

studies ranged between 1.79% and 9.8%. Drexler et al. (2011) even reported a 77.5% 

prevalence in 195 pooled samples of 975 fecal samples. Although some of the identified 

sequences showed close proximity to SARS and MERS CoV, no definite conclusions can be 
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drawn concerning their zoonotic potential as the viruses could not be isolated (Drexler et al., 

2010, Annan et al., 2013). 

 

1.2.2 Astroviruses 

 

The Astroviridae family is divided into two genera, Mamastrovirus and Avastrovirus, 

and comprises a large diversity of small, non-enveloped single-stranded RNA viruses of 

positive polarity (Chu et al., 2008, Zhu et al., 2009). Most of the infections caused by 

astroviruses are assumed to be asymptomatic but, depending on the affected species and their 

immunological status, an infection can also be associated with diarrhea, hepatitis, nephritis or 

even encephalitis (De Benedictis et al., 2011). Very recently, an increasing number of cases 

of neurotropic infections in immunocompromised patients have been described, with the 

causative agents being identified as astroviruses that are phylogenetically apart from other 

known human astroviruses (Quan et al., 2010; Brown et al., 2015; Fremond et al., 2015). 

Since 2008, a considerable number of species have been found to carry astroviruses and the 

prevalence and diversity in bats is noticeable (Chu et al., 2008, Drexler et al., 2011, Kemenesi 

et al., 2014). Drexler et al. (2011) reported a prevalence of up to 51.2% in a sampled bat 

colony in Germany, as detected by two different strain-specific real-time reverse transcription 

(qRT)-PCR assays. These assays were based on sequence data obtained using a broadly 

reactive semi-nested reverse transcription (RT)-PCR assay according to Chu et al. (2008) that 

was performed earlier to cover the high astrovirus diversity (Chu et al., 2008). Using this 

assay, Kemenesi et al. (2014) reported lower overall detection rates of below 7% which 

reached up to 80% in certain bat species however (Kemenesi et al., 2014). A notable genetic 

diversity of the detected astrovirus sequences was observed that was apparently associated to 

the sampled bat species. After all, no obvious clinical signs caused by astrovirus infections 

were seen in these bats. 
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1.2.3 Paramyxoviruses 

 

The Paramyxoviridae family belongs to the order Mononegavirales and comprises 

enveloped, negative sense single-stranded RNA viruses. It is a large virus family which is 

divided into two major subfamilies, namely Paramyxovirinae and Pneumovirinae. The 

Paramyxovirinae subfamily contains seven genera, Aquaparamyxo-, Ferla-, Rubula-, 

Respiro-, Morbilli- Henipa- and Avulavirus, including a number of viruses with a significant 

pathogenic potential for humans and animals, such as measles, distemper, mumps, 

parainfluenza and Newcastle disease virus. Since certain neotropical bat species have been 

recognized as the natural host of highly pathogenic HeV and NiV (Young et al., 1996, Halpin 

et al., 2000, Chua et al., 2002, Field, 2004, Rahman et al., 2010), screening of bats for the 

presence of paramyxoviruses has been intensified. Molecular studies revealed a broad 

diversity of paramyxoviruses carried by bats throughout the world, including recent virus 

isolates of Menangle, Tioman and Cedar virus, as well as henipavirus related RNA in fecal 

samples of African fruit bats (Chua et al., 2001, Drexler et al., 2009, Barr et al., 2012, Marsh 

et al., 2012). Phylogenetic analyses demonstrated a close relationship of bat-derived 

paramyxovirus sequences to Rubula-, Henipa- and Morbillivirus genera (Drexler et al., 2012). 

In Europe, morbillivirus related sequences as well as sequences in close proximity to 

unassigned J-virus and Beilong virus initially isolated from rodents were detected in 

vespertilionid bats (Magoffin et al., 2007, Drexler et al., 2012, Kurth et al., 2012; 

Kwasnitschka 2016). Interestingly, one African bat-derived full-length genome sequence was 

determined conspecific with human mumps virus due to high sequence similarity and 

serological cross-reactivity in 41.5% of 130 tested bat sera (Drexler et al., 2012). 

Furthermore, another full-length sequence (GH-M74a) obtained from an African non-pteropid 

Eidolon helvum bat has been assigned to the Henipavirus genus due to its close genetic 

distance. In consequence, the circulation of henipa-like viruses in African countries has been 

suggested although no virus has been isolated yet (Drexler et al., 2012).  
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1.3 Hendra and Nipah virus as bat-associated viruses with a high zoonotic potential 

 

HeV and NiV share similar ultrastructural, antigenic, serological and molecular properties and 

form together with the recently isolated Cedar paramyxovirus the genus Henipavirus (Eaton 

et al., 2006, Marsh et al., 2012). Henipaviruses have, compared to other members of this 

family, a larger genome size of approximately 18.2 kb (Lo & Rota, 2012). The genome 

encodes six major structural proteins: the nucleocapsid (N), phosphoprotein (P), matrix 

protein (M), fusion glycoprotein (F), attachment glycoprotein (G) and the large polymerase 

(L) (Eaton et al., 2006, Lo & Rota, 2012). Through virus isolation and sero-epidemiological 

evidence, certain species of fruit bats in the Australasian region belonging to the 

Pteropodidae family, genus Pteropus, have been recognized as the natural reservoir hosts of 

these viruses, with no evidence of clinical disease in these bats (Halpin et al., 2000, Chua et 

al., 2002, Field, 2004, Rahman et al., 2010, Marsh et al., 2012). HeV is transmitted from bats 

to horses as an intermediate host and finally to humans. Infection of horses with HeV 

emerging on a nearly annual basis has caused more than 85 fatalities in horse population since 

its first report in 1994 (Hughes, 2014, Edson et al., 2015). Clinical signs of natural HeV 

infection in horses include lethargy, high fever and mainly respiratory but also neurological 

symptoms such as ataxia and facial nerve paralysis (Murray et al., 1995a, Murray et al., 

1995b, Field et al., 2010). After experimental challenge of horses, HeV was re-isolated from 

homogenates of lung, liver, spleen, kidney, lymph nodes and blood, raising evidence for the 

involvement of multiple organs. Zoonotic transmission of HeV was reported to result in an 

influenza-like illness followed by pneumonitis, respiratory and renal failure and finally 

cardiac arrest, but also encephalitis has been observed during the late course of infection 

(OSullivan et al., 1997, Playford et al., 2010). Mainly people in close contact with sick horses 

and their mucous secretions became infected with a total of 4 fatalities in humans (Hanna et 

al., 2006, Playford et al., 2010, Rockx et al., 2012). NiV first emerged in Malaysia in 1998 by 

spillover from bats to pigs as intermediate host and from pigs to humans. More than 250 

human cases of febrile encephalitis have been reported in the initial outbreak with a case 

fatality rate of 40% (Chua et al., 2000). Since 2001, NiV outbreaks have also been recorded in 

Bangladesh with distinctly higher mortality rates of up to 70% (Chong et al., 2008). 

Interestingly, direct transmission of NiV from flying foxes to humans and even human-to-

human transmission have been reported in these more recent outbreaks (Luby et al., 2006, 
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Luby et al., 2009). Because of their high virulence, the large number of susceptible hosts 

including humans and the current lack of fully approved therapeutics or vaccines for humans, 

HeV and NiV have been classified as biosafety level 4 agents (Broder et al., 2013).  

 

1.4 Species specificity and cell tropism of Hendra virus 

 

The wide host range which is unusual among members of the Paramyxoviridae family has 

also been observed in experimental trials where numerous mammalian species like cats, pigs, 

hamsters, guinea pigs, ferrets and African green monkeys (Chlorocebus sabaeus) have been 

successfully infected with HeV by intranasal, intratracheal, oral or subcutaneous inoculation 

(Westbury et al., 1996, Hooper et al., 1997, Williamson et al., 2000, Weingartl et al., 2008, 

Guillaume et al., 2009, Li et al., 2010, Rockx et al., 2010, Pallister et al., 2011). Depending 

on the host and the route of infection, the outcome of a HeV infection can vary significantly 

regarding severity and clinical signs. The virus shows a tropism for vascular tissues and 

especially for endothelial cells resulting in the formation of large syncytia, thrombosis and 

necrosis, as well as for the respiratory and central nervous system. This tropism and the 

remarkable host range might be explained by the identified host cell entry receptor ephrin B2 

(EFNB2) which renders refractory cells susceptible to henipavirus infection in in vitro 

experiments (Negrete et al., 2005, Bonaparte et al., 2005, Bowden et al., 2008). Ephrin B3 

(EFNB3) has been described as an additional cell entry receptor. Its binding efficiency is 

related to single amino acid (aa) mutations in the ectodomain of the HeV/NiV attachment (G) 

proteins (Negrete et al., 2007). EFNB2/B3 belong to a family of cell-surface ligands that are 

involved in cell development and migration, cell-to-cell communication and neurological 

axonal guidance through interaction with their respective ephrin (EPH) receptors that are 

members of a large family of receptor tyrosine kinases (Wilkinson, 2001, Arvanitis & Davy, 

2008). EFNs are abundantly expressed in neurons, smooth muscle cells and endothelial cells 

(Arvanitis & Davy, 2008, Pernet et al., 2012).  Furthermore, EFNB2/B3 molecules seem to be 

highly conserved among several mammalian species. HeV and NiV were both shown to infect 

cells expressing EFNB2/B3 molecules of various species with apparently no significant 

differences in receptor function or usage (Bossart et al., 2008).  
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1.5 Hendra virus attachment protein G moderates virus attachment and antibody 

production 

 

HeV infection of host cells is mediated by the viral envelope attachment (G) glycoprotein that 

initially binds to EFNB2. The fusion (F) protein is then triggered to execute the fusion of viral 

and host cell membranes (Porotto et al., 2006). The HeV and NiV G proteins share 83% 

amino acid identity and considerable serological cross-reactivity (Wang et al., 2001, White et 

al., 2005). The HeV G protein is a type II membrane glycoprotein that consists of an N-

terminal cytoplasmic tail (residues 1-46), a transmembrane domain (residues 47 to 69), a stalk 

domain (residues 70 to 188) and a C-terminal globular ectodomain (residues 189 to 604), 

which forms a six-bladed β-propeller (Wang et al., 2001, White et al., 2005, Bowden et al., 

2008). Since mutations in the stalk domain of the protein resulted in the loss of fusion 

promotion, this domain has been suggested to play an important role in the conformation of 

the protein (Bishop et al., 2008). The globular head is responsible for the attachment to 

EFNB2 and is predicted to carry up to 8 N-glycosylation sites that were shown to have an 

impact on receptor binding, G-F interactions, cell-cell fusion and intracellular transport of the 

protein (Colgrave et al., 2012, Bradel-Tretheway et al., 2015). To further characterize the 

viral attachment protein, a soluble form of the HeV G (HeV sG) protein lacking the 

cytoplasmic tail and transmembrane domain has been expressed in mammalian cells (Bossart 

et al., 2005). By blocking the entry receptor, HeV infection of cells previously incubated with 

HeV sG was efficiently inhibited. In addition, the HeV sG protein elicited (cross-) 

neutralizing antibodies in rabbits against HeV and NiV (Bossart et al., 2005). HeV sG was 

further used in immunization and challenge studies to evaluate its potential as a subunit 

vaccine for HeV and NiV. In these studies, the immunization with the recombinant protein 

resulted in a potent cross-protective immune response that protected the animals from lethal 

HeV and NiV infections (McEachern et al., 2008, Pallister et al., 2011, Bossart et al., 2012, 

Middleton et al., 2014, Mire et al., 2014). Since 2012, a HeV sG preparation has been 

approved as a subunit vaccine for horses (“Equivac® HeV”, Pfizer) in Australia. It is the only 

vaccine that is commercially available to prevent horses and thus their owners from highly 

pathogenic HeV infection (Middleton et al., 2014). Furthermore, a humanized monoclonal 
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antibody (m102.4) raised against HeV sG revealed promising results in an experimental post-

exposure treatment of animals, displaying a potent cross-neutralization activity in vivo and is 

therefore considered as a potential candidate for an effective antiviral treatment after HeV and 

NiV exposure (Bossart et al., 2009, Bossart et al., 2011; Broder et al., 2013). HeV sG has also 

been applied as antigen in the development of highly sensitive serological assays such as 

ELISA or Luminex-based multiplexed microsphere assays (Hayman et al., 2011, McNabb et 

al., 2014, Chowdhury et al., 2014). These diagnostic assays detected cross-reactive antibodies 

in E. helvum fruit bats and domestic pigs in Ghana out of which a portion was further 

confirmed in HeV/NiV SNT, displaying low titers (Hayman et al., 2008, Hayman et al., 

2011). Drexler et al. (2012) also reported a clear cross-reactivity of E. helvum bat sera from 

Ghana against NiV antigen in immunofluorescence assay (IFA) which further supported the 

previously described detection of HeV and NiV reactive antibodies in E. helvum in Africa 

(Hayman et al., 2008). The circulation of henipa-like viruses in African countries has been 

suggested though, since antigenic relatedness and genetic proximity to pathogenic 

paramyxoviruses were shown in these studies. Very recently, first serological evidence for a 

henipavirus spillover to the human population in Cameroon has been reported (Pernet et al., 

2014). However, no virus has been isolated and only henipavirus-like but not identical 

sequences were detected in Africa (Hayman et al., 2008, Hayman et al., 2011, Drexler et al., 

2012, Pernet et al., 2014). Therefore, the zoonotic potential remains unknown. All these 

findings further emphasize the need of reliable serological assays for the screening and 

identification of potentially susceptible host species in regions where fruit bats are abundant 

and henipaviruses are assumed to occur.  

 

1.6 Recombinant expression of viral proteins 

 

The use of recombinant proteins for therapeutic or diagnostic purposes has 

continuously increased since its initial implementation in the 1980’s (Hacker et al., 2009). 

Until today, numerous valuable systems and strategies have been established for the 

expression of recombinant proteins like bacteria, yeast, fungus, insect and mammalian cells. 

However, prokaryotic expression systems are not able to glycosylate the produced 

recombinant proteins. Although yeasts or insect cells are able to glycosylate the expressed 
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proteins, their glycosylation patterns differ from the human profile. The highest homogeneity 

concerning posttranslational protein modifications is achieved through the expression of 

recombinant proteins in mammalian cells like CHO-K1, although negative aspects as 

relatively slow growth rates and low protein yields cannot be neglected (Wurm, 2004). 

However, there is evidence that posttranslational protein modifications like protein 

glycosylation, play a major role in terms of proper protein biosynthesis, stability and 

biological activity of proteins, as it was shown for human erythropoietin (Sytkowski et al., 

1991, Skibeli et al., 2001, Darling et al., 2002). As a competitive alternative to the 

mammalian cell lines, a novel expression system based on the eukaryotic parasite Leishmania 

tarentolae (L. tarentolae) has recently been established (Breitling et al., 2002). The parasite 

naturally infects the lizard Tarentola annularis and is considered apathogenic to mammals 

(Elwasila, 1988). This classification was recently supported by genome analysis which 

revealed the absence of certain virulence genes present in human pathogenic Leishmania 

species (Raymond et al., 2012). The system combines easy handling known from bacteria 

with satisfying protein yields in the range of 0.1 - 30 mg/L. Furthermore, Leishmania cells 

provide complex mammalian-like post-translational protein modifications such as complex 

biantennary fully galactosylated, core α-1,6-fucosylated N-glycans (Breitling et al., 2002, 

Basile & Peticca, 2009). The constitutive system is based on genomic integration of the 

expression plasmid pLEXSY into the host genome. Multiple cloning sites within the 

expression plasmid either facilitate steady intracellular expression of the protein, or secretion 

into the growth medium. To ensure secretion, the target protein is fused in-frame to a 

secretory signal peptide (SP) for secreted acid phosphatase of Leishmania mexicana 

(LMSAP). Since its initial implementation as a protein expression system, this parasite has 

shown its broad versatility. L. tarentolae has been used for the expression of biologically 

active recombinant human glycoproteins such as human tissue plasminogen activator, human 

laminin-332 and soluble amyloid precursor protein alpha (sAPP alpha) (Soleimani et al., 

2007, Phan et al., 2009, Klatt et al., 2013). Viral proteins like the hepatitis E capsid protein, 

the human papillomavirus16 (HPV16) E7 protein and the influenza virus hemagglutinin were 

also successfully expressed and used in ELISA or as a potential influenza vaccine candidate 

(Salehi et al., 2012, Baechlein et al., 2013, Pion et al., 2014). To obtain high yields of 

recombinant proteins, it has been recommended to adapt the codon usage of the target 
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sequence to the codon bias of L. tarentolae (Breitling, personal communication, Pion et al., 

2014). The recognition and subsequent destruction of foreign mRNA structures are assumed 

to be circumvented by codon optimization of the target sequence which might significantly 

affect viral protein expression levels (Breitling, personal communication). However, a 

truncated hepatitis E capsid protein has been efficiently expressed in L. tarentolae even 

without codon optimization (Baechlein et al., 2013). The eukaryotic parasite has also been 

used as a vaccine candidate against leishmaniasis (Katebi et al., 2015, Shahbazi et al., 2015) 

and to study RNA editing (Simpson et al., 2000). Even VLP production of non-enveloped 

HPV16 has been successfully achieved in this system recently (Bolhassani et al., 2015). 

 

Taken together, bats have been increasingly recognized as carriers of pathogenic and 

potentially zoonotic viruses. Thus, it is important to understand how viruses are maintained, 

dispersed and transmitted within and between bat colonies.  

The first aim of this thesis was to gain insight into the virus diversity and virus distribution in 

German insectivorous bats by analyzing and combining spatio-temporal data obtained from 

German bat colonies with the corresponding virological data.  

The second aim of this thesis was to express a recombinant truncated HeV G (sHeV G) 

attachment protein in a novel expression system based on L. tarentolae to lay the groundwork 

for future serological assays and studies on henipaviruses. The conformational integrity and 

immunogenicity of the recombinant protein were also characterized.  
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Abstract 

 

Recently several infectious agents with a zoonotic potential have been detected in different 

bat species. However, there is still a lack of knowledge on the transmission dynamics within 

and between bat species, as well as from bats to other mammals. To better understand these 

processes, it is important to compare the phylogenetic relationships between different agents 

to that of their respective hosts. In this study, we analysed more than 950 urine, faeces and 

oral swab samples collected from 653 bats from mainly four species (Myotis nattereri, Myotis 

bechsteinii, Myotis daubentonii, and Plecotus auritus) for the presence of coronavirus, 

paramyxovirus and astrovirus related nucleic acids located in three different regions of 

Germany. Using hemi-nested reverse transcriptase (RT)-PCR amplification of fragments 

within the highly conserved regions of the respective RNA dependent RNA polymerase 

(RdRp) genes, we detected astrovirus sequences at an overall detection rate of 25.8% of the 

analysed animals, with a maximum of 65% in local populations. The detection rates for 

coronaviruses and paramyxoviruses were distinctly lower, ranging between 1.4% and 3.1%. 

Interestingly, the sequence similarities in samples collected from the same bat species in 

different geographical areas were distinctly larger than the sequence similarities between 

samples from different species sampled at the same location. This indicates that host 

specificity may be more important than host ecology for the presence of certain viruses in 

bats. 

 

Infection, Genetics and Evolution 2016 Jan; Volume 37: Pages 108-16  

http://www.sciencedirect.com/science/article/pii/S156713481530040X 

DOI: 10.1016/j.meegid.2015.11.010 
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Abstract 

 

Hendra virus (HeV) is an emerging zoonotic paramyxovirus within the genus Henipavirus 

that has caused severe morbidity and mortality in humans and horses in Australia since 1994. 

HeV infection of host cells is mediated by the membrane bound attachment (G) and fusion (F) 

glycoproteins, that are essential for receptor binding and fusion of viral and cellular 

membranes. The eukaryotic unicellular parasite Leishmania tarentolae (L. tarentolae) has 

recently been established as a powerful tool to express recombinant proteins with 

mammalian-like glycosylation patterns, but only few viral proteins have been expressed in 

this system so far. Here, we describe the purification of a truncated, Strep-tag labelled and 

soluble version of the HeV attachment protein (sHeV G) expressed in stably transfected L. 

tarentolae cells. After Strep-tag purification the identity of sHeV G was confirmed by 

immunoblotting and mass spectrometry. The functional binding of sHeV G to the HeV cell 

entry receptor ephrin-B2 was confirmed in several binding assays. Generated polyclonal 

rabbit antiserum against sHeV G reacted with both HeV and Nipah virus (NiV) G proteins in 

immunofluorescence assay and efficiently neutralised NiV infection, thus further supporting 

the preserved antigenicity of the purified protein. 

 

Journal of Virological Methods 2016 Feb; Volume 228: Pages 48-54. 

http://www.sciencedirect.com/science/article/pii/S0166093415003602 

DOI: 10.1016/j.jviromet.2015.11.006 
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4 Discussion 
 

4.1 Insectivorous bats carry host specific astroviruses and coronaviruses across 

different regions in Germany 

 

Bats and their associated viruses have become a main topic in infectious disease research, 

since some highly pathogenic and zoonotic viruses have been described to have their natural 

reservoir in various bat species. In our study, which was a follow-up of the work performed 

by Linda Kwasnitschka (Kwasnitschka, 2016), we investigated indigenous insectivorous bat 

species of the family Vespertilionidae for the presence of three different viral families known 

to circulate in European bat species. Therefore, we combined the viral sequences detected in 

bats in 2011 and 2012 (Kwasnitschka, 2016) with the more recently obtained sequences from 

2013 and 2014 adding up to a large set of sequence data that allows a broadened insight into 

virus diversity and virus distribution in German bats. Since paramyxoviruses and 

coronaviruses displayed only low detection rates, we mainly focused on astroviruses that 

showed to be a potential target to study the virus distribution and diversity in bats due to high 

detection rates and sequence variability. German bat colonies comprising mainly four bat 

species (Myotis bechsteinii, Myotis daubentonii, Myotis nattereri and Plecotus auritus) were 

repeatedly sampled and analyzed by molecular methods. Phylogenetic analyses of obtained 

astrovirus sequences were based on PCR fragments of roughly 422 nt length that were 

amplified from a highly conserved region within the RNA-dependent RNA polymerase 

(RdRp) gene. For these sequences we concluded that virus occurrence was rather bat species-

specific than dependent on host ecology or spatial proximity of colonies. However, we also 

found evidence that some of the astrovirus sequences harbored by bats showed a closer 

relationship to astrovirus sequences of other mammalian species like fox, mice and notably 

humans. 

To date, the potential of zoonotic transmission of astroviruses from bats to humans seems to 

be rather low and the pathogenic potential remains unknown (De Benedictis et al., 2011). As 

far as we are aware, this study was the first to detect that a few sequences found in bat feces 

samples were most closely assigned to human astrovirus (HAstV) sequences. Although 

contamination during sampling or sample processing cannot be completely ruled out albeit 



17 
 

hygiene precautions were carefully followed, it should be considered that bats might act as a 

transient carrier or even an amplifying host for certain astrovirus strains that might potentially 

affect humans. These results are intriguing in the light of the very recent molecular detection 

of diverse Mamastrovirus sequences including strains with a pathogenic potential for humans 

in non-human primates that were confirmed by serological assays (Karlsson et al., 2015). To 

further investigate these new findings, efforts for virus isolation attempts should be 

reinforced.  

The usage of only one nested RT-PCR assay per virus family might not fully reveal the 

overall virus prevalence. Therefore, Drexler et al. (2011) developed more specific qRT-PCR 

assays to determine the astrovirus prevalence of certain sequences that had already been 

detected in the investigated colonies (Drexler et al., 2011). This strategy is very useful to 

determine the accurate prevalence of the target sequence. By using assays with an enhanced 

specificity we might be able to further confirm our recent findings concerning bat-derived 

astrovirus sequences that surprisingly displayed a closer relationship to other mammalian 

astrovirus sequences like murine or human astroviruses. In addition to that, specific qRT-PCR 

assays for the specific detection of certain astrovirus sequences might be helpful to follow 

intra- and potentially inter-species transmission in the future. However, for the phylogenetic 

analyses within the frame of our project, it was beneficial to use the broadly reactive nested 

PCR assay as opposed to specific qRT-PCR assays that might fail to detect the broad diversity 

of sequences that are obviously present in European bats (Kemenesi et al., 2014). To be able 

to cover this broad diversity of astrovirus sequences, a number of qRT-PCR assays will be 

established for future studies. Contamination at the stage of sampling or processing of the 

samples which might lead to the detection of other species-assigned astroviruses in bats 

cannot be ruled out neither by broadly reactive nested RT-PCR followed by sequencing nor 

by specific qRT-PCR assay. In contrast, any contamination caused by the positive control of 

the nested RT-PCR is easily recognized by sequence analysis, since a synthetic RNA was 

generated and modified for this purpose.  

Astrovirus related RNA was found in urine and fecal samples, implicating potential virus 

transmission during roosting and mutual grooming since human astroviruses for instance are 

expected to be stable in the environment for several days (Abad et al., 2001). Although some 
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bat boxes in our study area in Bavaria (BY) were used by two different bat colonies within a 

short time frame (Zeus et al., unpublished data) which might enable virus transmission, no 

common strain was detected in both species, indicating a low rate of interspecies 

transmission. However, the stability of bat-associated astroviruses in the environment remains 

unknown due to the fact that no virus has ever been isolated. We rather observed a species-

specificity of astrovirus sequences that was almost completely independent of the sampling 

region, since the generated sequences were shown to cluster with sequences from other 

studies that are more than 600 km apart (Kemenesi et al., 2014, Drexler et al., 2011). 

We postulate that certain BatAstV strains circulate in a bat colony at a given time because 

several bats of the same colony sampled at the same time were found to carry identical 

astrovirus sequences. In most cases, these strains disappeared and were not detected in the 

respective bats in the following capture events, which might indicate a transient virus 

infection caused by a protective immune response. However, one astrovirus sequence initially 

detected in Bechstein’s bats (Myotis bechsteinii) in 2011 was found again in 2014 after a three 

year period of absence in the analyzed samples, suggesting either a re-infection or intermittent 

virus shedding (unpublished data). Intermittent virus shedding of persistently infected bats 

cannot be ruled out for astroviruses as it was considered to occur for other viruses like HeV 

and coronaviruses (Field et al., 2011, Drexler et al., 2011, Plowright et al., 2011, Plowright et 

al., 2015). Moreover, it has been reported that during human astrovirus infections, the level of 

detection of HAstV varied distinctly even during the acute diarrhea period (Walter et al., 

2001), which might also be relevant for the shedding patterns observed in bats in our study. 

Therefore, the elimination of the virus and/or a potential immunological cross-protection 

against other astrovirus strains can only be investigated by frequent sampling of animals in 

short intervals. Serological investigations would be highly beneficial to further support the 

molecular findings but are hardly feasible due to the current lack of serological assays for this 

purpose, the extremely small body size and blood volume of most European bats, and the 

legal restrictions based on wildlife conservation. To further study the viral properties and the 

virus-host interplay a virus isolate will be tremendously helpful.  

Astroviruses recently attracted further attention due to a number of neurotropic infections 

reported in immunocompromised human patients. Phylogenetic analyses revealed an obvious 



19 
 

distance to other astroviruses that were previously known as human pathogens classically 

causing diarrhea (Quan et al., 2010, Brown et al., 2015, Fremond et al., 2015). Until now, 

there is no evidence of a closer relationship between the astrovirus related sequences from our 

study and these novel astroviruses associated with neurological disease (unpublished data). 

However, a zoonotic potential cannot be completely ruled out as some of the sequences 

obtained in our study clearly clustered with sequences of other species in phylogenetic 

analyses. The following two major questions remain unanswered and should be addressed 

more directly in future studies: whether the viruses found in bats play a role in emerging 

human viral diseases and whether bats are only incidental hosts or serve as a competent 

reservoir host resulting in transmission events to other mammals. Therefore, frequent 

sampling of those bat colonies that are well characterized regarding the presence of 

astroviruses now, should be carried out. Specific q-RT PCR assays would then be helpful to 

follow more precisely the distribution of certain virus strains assumed to be present in the bat 

colony over time. These data should then be interpreted together with the ecological and 

behavioral data available for the colonies in order to improve our understanding of 

transmission dynamics within and between bat colonies. Furthermore, infection experiments 

in vitro and in vivo could be most helpful to further assess whether bats might act as a 

potential reservoir host for pathogenic human or other mammalian astroviruses. 

Coronavirus related RNA was detected only in fecal samples, supporting the idea of a gastro-

intestinal tropism of these viruses as suggested before (Poon et al., 2005). In addition to that, 

all the obtained sequences were assigned to the Alphacoronavirus genus and thus are clearly 

distinct from pathogenic Betacoronaviruses including MERS- and SARS-CoV. Sequences 

from our study formed a cluster with sequences found during previous studies in European 

bats (Gloza-Rausch et al., 2008, Drexler et al., 2011).  

While the majority of astrovirus and coronavirus sequences seemed to be bat species-specific, 

paramyxovirus sequences were not detected in sufficiently high numbers for such analyses. 

The paramyxovirus related sequences obtained in our study clustered with previously 

published sequences from German bats investigated by Kurth et al. (2012) that were closely 

related to unassigned J- and Beilong virus while in another study, paramyxovirus related 



20 
 

sequences from German Myotis myotis colonies were assigned to Morbilli-related viruses 

(Drexler et al., 2012).  

Taken together, our data show that the approach of combining the ecological and behavioral 

data with the virological findings is providing new insights into the virus transmissions 

among bat individuals and within and between bat colonies. To better asses the potential risk 

of spillover infections from bats to domestic animals or humans, virus infection dynamics 

within and between bat colonies are crucial to understand.  
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4.2 Expression, characterization and antigenicity of a truncated Hendra virus 

attachment protein expressed in the protozoan host Leishmania tarentolae 

 

HeV has caused several outbreaks in Australia leading to the death of more than 85 horses 

and 4 humans (Hughes, 2014). The virus is considered as a major threat to horse owners and 

veterinarians that come into close contact with infected horses. Therefore, the introduction of 

a HeV subunit vaccine for horses (“Equivac® HeV”, Pfizer) based on a soluble form of HeV 

G protein (HeV sG) was one major approach to prevent horses, humans and other mammals 

from disease (Middleton et al., 2014). Monoclonal antibodies targeting the HeV sG serve as 

promising post-exposure treatment (Bossart et al., 2011, Broder et al., 2013). In this study, we 

established the reliable expression and efficient purification of a functional truncated 

recombinant HeV G (sHeV G) protein that can be used as antigen in serological assays. 

Furthermore, sHeV G enabled us to develop specific and cross-reactive poly- and monoclonal 

antibodies that are highly valuable tools, providing the basis for further diagnostic methods. 

In order to ensure conformational integrity and efficient expression in substantial amounts of 

sHeV G several modifications to the encoding gene were taken. 

Firstly, the cytoplasmic tail and the transmembrane domain were excluded from the 

sequence and replaced by a double Strep-tag to favor secretion into the cell culture medium 

and facilitate efficient purification. The globular head and stalk domain were kept unchanged 

to ensure conformational integrity of the protein. The HeV G stalk domain has been reported 

to be critical for conformational stability and fusion-promotion activity of the protein, since 

mutations in certain residues resulted in significantly impaired cell fusion activity (Bishop et 

al., 2008). In our study, three assays were conducted to investigate the interaction of 

Leishmania-derived sHeV G with EFNB2, the viral host cell entry receptor. These assays, 

namely co-precipitation, binding and adhesion assay confirmed the binding ability of the 

recombinant protein to EFNB2, proving the conformational integrity and functionality of the 

protein. 

Secondly, the target sequence was codon optimized to the codon bias of 

Leishmania as recommended (Pion et al., 2014). However, a comparable viral sequence that 

had not been adapted to the codon bias of L. tarentolae has been demonstrated to also result in 
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efficient expression and secretion of the target protein (Baechlein et al., 2013). In our study, 

the protein yield of approximately 500 µg per liter of a densely grown culture (1x10
8
 cells/ml) 

was within the range of what has been described for this system with expression yields of 100 

µg up to 30 mg per liter depending on the protein (Basile & Peticca, 2009). Since we only 

used the codon-optimized protein sequence for expression, quantitative effects of the codon 

adaptation on the protein yield remain unknown. In contrast, insect cells infected by 

recombinant baculoviruses as well as mammalian cells cultured in bioreactors may display a 

significantly higher expression capacity by reaching 50 to 100 mg per liter and up to a few 

grams of certain recombinant proteins, respectively (Gomez-Sebastian et al., 2014). However, 

both systems also have their limitations such as the less complex glycosylation pattern of 

insect cells and the slow and cost intensive growth of mammalian cells. In consequence, the 

Leishmania system has recently been considered as a promising economical alternative for 

protein expression with several advantages like the more complex glycosylation and a 

relatively easy handling (Jones, 2015). In our hands, the Leishmania system produced 

satisfying yields of a glycosylated and properly folded viral glycoprotein. Although the 

amounts of recombinant proteins expressed in prokaryotic systems such as E. coli may be 

higher, these proteins are generally not glycosylated, often resulting in protein misfolding and 

the formation of inclusion bodies (Sodoyer, 2004). To our knowledge, the occurrence of 

inclusion bodies has never been reported for Leishmania cells expressing recombinant 

proteins.  

Thirdly, the target protein was fused in-frame to the signal peptide (SP) of the 

secreted acid phosphatase of Leishmania mexicana (LMSAP) to facilitate secretion into the 

growth medium. However, no protein secretion into the medium was detectable, but the 

protein was present in cell lysates. IFA staining of stably transfected Leishmania 

promastigotes further confirmed that the protein was accumulated inside the cells 

(unpublished data). Therefore, an efficient purification protocol of cell lysates via Strep-tag 

affinity chromatography was established with satisfying protein yields in the range of 

previous reports (Basile & Peticca, 2009). Surprisingly, the SP of LMSAP was not detected in 

mass spectrometry of the purified protein, suggesting the correct cleavage of the protein, but 

however failure of secretion. There is no definite explanation for the absence of secretion. 

Mutations and alterations in the SP of LMSAP have been described to significantly impact the 
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secretion of proteins (Klatt & Konthur, 2012). Since the recombinant protein in our study was 

not detectable in the supernatant at all, it remains questionable if modifications in the SP of 

LMSAP might have facilitated secretion. Pion et al. (2014) have reported a distinctly 

impaired expression of some of the influenza hemagglutinin (HA) proteins when fused in-

frame to the SP of LMSAP. In contrast, using the authentic SP sequence of the virus protein 

itself constantly led to efficient HA production. However, in contrast to the constitutive 

Leishmania expression system applied in our study, Pion et al. (2014) used the inducible 

Leishmania expression system. In this system, target protein expression is only initiated after 

addition of tetracycline as an inducer. This is considered to alleviate the effects of potentially 

toxic target proteins. Due to satisfying protein yields after purification of cell lysates, the 

factors leading to retention of the protein were not further investigated.  

The glycosylation quality and quantity of viral proteins have been assumed to 

influence the viral glycoprotein stability and antigenicity, and also to modulate its interactions 

with host cell receptors (Vigerust & Shepherd, 2007). Colgrave et al. (2012) investigated 

whether the glycosylation complexity of HeV G had an impact on its receptor binding ability. 

In their study, HeV G expressed in mammalian cells harboring a more complex glycosylation 

displayed a higher binding affinity to the host cell receptor EFNB2 as compared to HeV G 

expressed in baculovirus infected insect cells (Colgrave et al., 2012). Deglycosylation of 

Leishmania expressed sHeV G using PNGase F in our study resulted in an apparent mass shift 

in Western blot (WB) indicating N-linked glycosylated residues, although mass spectrometry 

had revealed that at least 3 of 8 predicted N-glycosylation sites were not occupied (Axel 

Karger, personal communication). However, the glycosylation pattern of sHeV G was not 

detrimental to receptor binding, as shown in the three EFNB2 assays. These findings are in 

accordance with the recent study of Bradel-Tretheway et al. (2015) where the binding 

efficiency of HeV G to EFNB2 seemed to be unaffected by mutation-related N-glycosylation 

removal. Interestingly, these authors observed significant effects on intracellular transport and 

cell surface expression of HeV G, depending on the quantity and quality of present N-

glycosylation sites. In the case of sHeV G, we did not further investigate whether the lack of 

N-glycosylation at certain sites might be responsible for impaired intracellular transport and 

final retention of the protein. 
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Leishmania-derived sHeV G elicited a strong antibody response in rabbits that was detectable 

in ELISA and WB (unpublished data). Similar results have been obtained for the 

immunization of mice with recombinant HA of different influenza strains expressed in L. 

tarentolae. When administered in an oil-in-water emulsion-based adjuvant, two doses of 10 

µg of recombinant HA elicited functional antibody responses in mice that was measured by 

haemagglutination inhibition (HI) assay resulting in mean HI titers of up to 700 (Pion et al., 

2014). Interestingly, the sera obtained in our study also recognized plasmid-derived 

henipavirus G proteins in indirect IFA and cross-neutralized NiV in PRNT at a dilution of 

1:20. The final serum neutralization titer against the heterologous virus was not determined. 

Previously, a recombinant HeV sG expressed in mammalian cells has been reported to elicit a 

cross-neutralizing titer of 1:640 against NiV and of 1:2.560 against the homologous virus in 

immunized rabbits (Bossart et al., 2005). These titers have been generally considered 

adequate to protect immunized animals from lethal HeV or NiV challenge though no linear 

correlation between titer and protection can be deduced. In experimental trials, even low titers 

of 1:32 have been described to protect horses and ferrets from severe clinical disease as 

opposed to the unvaccinated control groups (McEachern et al., 2008, Middleton et al., 2014).  

The predominantly acute and lethal course of disease described for HeV infection in horses 

usually requires direct agent detection by PCR or virus isolation (McNabb et al., 2014). 

However, the detection of antibodies against the virus is a useful tool in the surveillance of 

subclinically affected horses and other susceptible contact animals. The implementation of a 

HeV G subunit vaccine (“Equivac® HeV”, Pfizer) for horses in Australia in 2012 was a 

critical step towards the prevention of HeV disease in horses and humans. Nonetheless, the 

vaccination strategy to induce neutralizing antibodies against the HeV G protein in horses also 

emphasized the need of serological tests to differentiate between infected and vaccinated 

animals (DIVA). To follow this DIVA approach, serological tests for horses based on HeV G 

and HeV N are needed. In consequence, sera of vaccinated animals should only react in the 

HeV G protein-based ELISA, while sera of naturally infected horses are generally expected to 

react with both HeV G and HeV N proteins. The expression of HeV N protein in insect cells 

(Kwasnitschka, 2016) and the sHeV G expressed in L. tarentolae represent promising 

candidates to serve these needs. The sHeV G protein has already proven its suitability for the 

application in the established in-house ELISA detecting HeV G specific antibodies in sera of 
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HeV immunized or infected horses. The assay allows a clear differentiation between naïve 

horses and those that were either immunized or naturally infected (unpublished data). 

Furthermore, by combining both assays, it may become possible to study the humoral 

responses of horses in the course of HeV infection and to determine whether an antibody 

response can be first detected against the HeV N protein or against the HeV G protein.  

In the established in-house ELISA, sHeV G also reacted with porcine sera from 

experimentally HeV or NiV infected pigs suggesting cross-reactivity of the recombinant 

protein with antibodies against both viruses (Fischer et al., 2015). However, the application of 

sHeV G for screening purposes of African porcine or other hosts’ sera to detect antibodies 

against African henipa-like viruses still remains to be evaluated. Hayman et al (2008, 2011) 

reported serological (cross-) reactivity of porcine and bat sera in Luminex assays based on 

soluble HeV and NiV G proteins, while only a few sera were confirmed in SNT displaying 

low titers. The need of more serological surveillance studies in Africa has been emphasized 

recently by the first serological evidence of henipavirus spillover into the human population 

of Cameroon (Pernet et al., 2014). However, the absence of a virus isolate of an African 

henipavirus still raises the question of how antigenically similar these viruses really are 

compared to the henipaviruses circulating in South East Asia. Sequence analysis of the only 

available full-length genome (henipavirus GH-M74a) exhibited a rather low identity of <30% 

between the G proteins of African henipavirus GH-M74a and the pathogenic henipaviruses 

from Asia (Lee et al., 2015). Although these sequences seem to be rather different at the 

nucleotide level, a certain serological cross-reactivity has been observed in antigen-based 

assays as well as in neutralization test with HeV and/or NiV (Hayman et al., 2008, Hayman et 

al., 2011) that might result from some highly conserved epitopes. However, it was recently 

shown that the G protein of the African henipavirus adopted a nearly identical EFNB2 

binding mode compared to HeV and NiV indicating a fairly conserved cell-attachment 

strategy for African henipavirus GH-M74a (Lee et al., 2015). Transfection experiments with 

the two envelope glycoproteins of this prototype African henipavirus GH-M74a revealed 

rather reduced biological activities in most mammalian cell types permissive to HeV and NiV 

infection which might be an explanation for the unsuccessful attempts of virus isolation (Weis 

et al., 2014, Kruger et al., 2014). The presence and distribution of African henipaviruses 
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among wildlife and livestock as well as their pathogenicity and the zoonotic potential remain 

to be investigated to assess their potential public health risk. 

Moreover, monoclonal antibodies against the Leishmania-derived sHeV G protein were 

generated during this project (unpublished data) that may serve as useful tools to establish a 

competitive ELISA to screen other susceptible species for the presence of antibodies against 

henipaviruses. Interestingly, a clinically healthy dog from a HeV affected farm in Australia 

has recently been reported to carry HeV neutralizing antibodies (Hooper et al., 2001, Kirkland 

et al., 2015). This has also been recorded to occur in clinically diseased dogs in the initial 

Malaysian NiV outbreak (Mills et al., 2009). All these findings especially emphasize the need 

of reliable serological tests for henipavirus diagnostics in many different species. 

 

Taken together, using the Leishmania protein expression system we were able to generate a 

functional recombinant soluble HeV glycoprotein G that serves as a valuable tool for the 

establishment of serological assays. With respect to the public health risk these assays can be 

used in future surveillance studies in countries and species where henipaviruses are assumed 

to circulate. 
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5 Summary 
 

Molecular studies on the virus diversity and virus distribution in bats in Germany and 

development of a novel Enzyme-linked Immunosorbent Assay for the detection of 

henipavirus antibodies 

Kerstin Fischer 

Bats are receiving considerable scientific attention recently since they were found to carry a 

broad diversity of agents that are potential pathogens for humans and livestock. Some highly 

pathogenic viral agents like members of the Henipavirus genus were shown to have their 

natural reservoir in bats of the Pteropus genus. In the case of the zoonotic Hendra and Nipah 

viruses (HeV; NiV), spillover events to livestock and humans have occurred repeatedly. For 

Germany, some studies had already been conducted revealing certain viral families to be 

present in indigenous bats, including coronaviruses, astroviruses and paramyxoviruses. To 

better understand the virus ecology, diversity and potential transmission dynamics within and 

between bat colonies or from bats to other mammals, the first objective of this thesis was to 

investigate samples of German bats for the presence of these virus families. The second 

objective of the thesis was to develop tools for serological diagnostics of Hendra virus, an 

Australian bat-associated zoonotic paramyxovirus.  

In the first set of studies saliva, fecal and urine samples from indigenous vespertilionid bats 

from four different species were collected across Germany and RNA was extracted. More 

than 950 samples from 653 bats were analyzed by hemi-nested RT-PCRs targeting highly 

conserved genome regions of the three different viral families, namely astroviruses, 

coronaviruses and paramyxoviruses. Highest detection rates were observed for astroviruses 

with an overall rate of 25.8% and a maximum of up to 65% in some local bat colonies. 

Coronaviruses and paramyxoviruses generally displayed lower detection rates ranging 

between 1.4% and 3.1%. Obtained sequences were phylogenetically analyzed and compared 

to bat-associated and other sequences available in the GenBank database. Our findings for 

most of the astrovirus and coronavirus sequences from our study strongly suggest a bat 

species-specificity, independent of the spatial distance. With respect to astroviruses, we did 
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not find evidence for interspecies transmission between the four analyzed bat species. 

Interestingly, some of the generated astrovirus sequences were clearly assigned to other 

mammalian and avian astroviruses from the database, among others to human astroviruses 

(HAstV) raising the question whether bats might act as intermediate hosts for these viruses. 

Since sequence data of henipa-like viruses as well as serological evidence for infections with 

these viruses have been found in African fruit bats and domestic pigs, the previously assumed 

limitation of henipavirus occurence to the Australasian region needed to be extended. For the 

development of diagnostic tools for future serological surveillance studies in Australia and 

Africa where fruit bats are abundant, it was of special interest to establish the stable and 

reliable expression of a recombinant HeV G protein. Therefore, a novel system based on the 

stable transfection of eukaryotic protozoa, Leishmania tarentolae, was chosen. This 

expression system soon delivered promising rapid cell growth, high cell densities and protein 

yield and mammalian-type glycosylation. A truncated, Strep-tag labeled and soluble version 

of the HeV attachment protein was expressed, purified and its authenticity was confirmed by 

immunoblotting and mass spectrometry. Although cloning strategy suggested the protein to be 

secreted in the cell culture medium, the protein was only detected in cell lysates. However, 

the protein showed to be functional in several assays interacting with the HeV cell entry 

receptor ephrin B2. Antigenicity was preserved in the recombinant protein as it induced cross-

neutralizing antibodies in immunized rabbits. Serum samples from NiV and HeV infected 

pigs (cross-) reacted with the Leishmania-derived HeV G protein, indicating a potential use in 

serological assays for surveillance studies. 

This thesis contributes to a better understanding of the diversity and distribution of viruses 

harbored by indigenous bats as well as to getting insights into virus ecology, virus-host 

interplay and potential virus transmission. Furthermore, it has provided the basis for future 

serological surveillance studies in henipavirus-affected countries by expressing a functional 

recombinant form of the HeV glycoprotein G. This protein serves as an excellent basis for the 

establishment of valuable diagnostic tools to identify possible intermediate hosts and to 

further investigate the potential distribution of henipa-like and henipaviruses in these affected 

countries. With respect to Public Health, the identification of potential intermediate hosts as 



29 
 

well as of virus transmission routes plays an important role in predicting zoonotic spillover 

events and possible health threats.  

 

  



30 
 

6 Zusammenfassung 
 

Molekulare Untersuchungen zur Virusdiversität und –verteilung in Fledermäusen in 

Deutschland und Entwicklung eines neuen Enzyme linked Immunosorbent Assay zur Detektion 

von Henipavirus Antikörpern 

Kerstin Fischer 

Fledertiere sind innerhalb der letzten zwei Jahrzehnte vermehrt in den Fokus der 

Infektionsforschung gerückt. Für einige Krankheitserreger höchster Pathogenität konnte 

gezeigt werden, dass insbesondere Flughunde der Gattung Pteropus ein natürliches Reservoir 

darstellen und es, wie im Falle der zoonotischen Henipaviren Hendra (HeV) und Nipah Virus 

(NiV), in regelmäßigen Abständen zu Spillover-Infektionen kommen kann. Für einheimische 

Fledermäuse in Deutschland gibt es hingegen derzeit keine Anhaltspunkte, die für ein 

zoonotisches Potential der im Tier vorhandenen Viren sprechen. Nichtsdestotrotz gehören die 

gefundenen Sequenzen Virusfamilien an, unter anderem Astroviren, Coronaviren und 

Paramyxoviren, von denen einige Vertreter sehr wohl auch beim Menschen zu Erkrankungen 

führen können. Der erste Teil dieser Arbeit beschäftigt sich deshalb mit der Verteilung und 

Diversität der vorhandenen Viren in einheimischen Fledermäusen. Der zweite Teil basiert auf 

der Etablierung eines Expressionssystems zur stabilen und verlässlichen Produktion eines 

HeV Glykoproteins (G) als Basis für serologische Testsysteme. 

Über drei verschiedene Standorte innerhalb Deutschlands wurden Speichel-, Kot- und 

Urinproben von vier unterschiedlichen Fledermausspezies gesammelt. Insgesamt wurden 653 

Fledermäuse mehrfach beprobt und die RNA von über 950 Proben extrahiert. Im Anschluss 

wurden diese Proben auf das Vorhandensein Astro-, Corona- und Paramyxovirus-ähnlicher 

RNA untersucht mittels hemi-nested PCRs, die Teile hoch konservierter 

Virusgenomabschnitte amplifizieren. Die höchsten Detektionsraten wurden für Astroviren 

beobachtet, deren Gesamtrate bei 25.8% lag und in bestimmten Fledermauskolonien auf 65% 

anstieg. Coronaviren und Paramyxoviren zeigten eine insgesamt niedrigere Detektionsrate 

zwischen 1.4% und 3.1%. In den nachfolgenden phylogenetischen Analysen wurden die 

generierten Sequenzen mit bereits vorhandenen Astrovirus Sequenzen aus der GenBank 

Datenbank verglichen, wobei sowohl Fledermaus-assoziierte als auch andere Säuger- und 
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Vogel-assoziierte Astrovirus Sequenzen berücksichtigt wurden. Hierbei ergab sich eine 

deutliche Spezies-Spezifität der in unserer Studie erhaltenen Coronavirus und Astrovirus 

Sequenzen, die unabhängig von der räumlichen Nähe der Fledermäuse zu sein schien. 

Allerdings gab es vereinzelt auch Hinweise auf Astrovirus Sequenzen von Fledermäusen, die 

eher mit anderen Säuger- und Vogel-assoziierten Sequenzen clusterten, als mit anderen 

Astrovirus Sequenzen aus der Fledermaus. 

Durch den Fund Henipavirus-ähnlicher RNA und -kreuzreaktiver Antikörper in Afrikanischen 

Flughunden und Schweinen, musste das Vorkommen der Henipaviren, das bis dato als 

limitiert auf die Austroasiatische Region angenommen wurde, ausgeweitet werden. Um in 

Zukunft serologische Studien in entsprechenden Regionen durchführen zu können, wurde im 

Rahmen dieser Arbeit die Expression eines rekombinanten HeV G Proteins in einem 

neuartigen Expressionssystem etabliert. Dieses System basiert auf dem eukaryotischen 

Protozoen Leishmania tarentolae und bietet attraktive Vorteile wie hohe Zelldichten mit 

entsprechend hohem Proteingewinn und Säuger-ähnlichem Glykosilierungsprofil. Ein 

verkürztes, lösliches HeV G (sHeV G) Protein konnte exprimiert werden und mittels Strep-tag 

Affinitätschromatographie aus Zelllysaten aufgereinigt werden. Der anschließende 

Immunoblot und die Massenspektrometrie konnten die Authentizität des Proteins bestätigen. 

Entgegen der verwendeten Klonierungsstrategie wurde das Protein nicht sezerniert. Jedoch 

konnte in mehreren Versuchen gezeigt werden, dass es sich um ein funktionales Protein 

handelt, das mit dem HeV Eintrittsrezeptor Ephrin B2 interagiert. Kaninchen bildeten nach 

erfolgter Immunisierung mit dem rekombinanten sHeV G neutralisierende Antikörper aus, die 

in der Lage waren, das NiV zu neutralisieren. Außerdem reagierten einige Seren von 

experimentell HeV und NiV infizierten Schweinen mit dem in Leishmanien exprimierten 

Antigen, weshalb das Protein ein wertvoller Kandidat für die Etablierung serologischer 

Testverfahren ist. 

Abschließend konnte diese Arbeit einen Beitrag zum Verständnis der Virusökologie und -

vielfalt in einheimischen Fledermäusen leisten sowie einen ersten Einblick in die Verteilung 

der untersuchten Viren innerhalb und zwischen Kolonien geben, was hinweisend für 

potentielle Übertragungswege von Viren genutzt werden kann. Des Weiteren wurde im Zuge 

dieser Arbeit in Hinblick auf das Expressionssystem der Grundstein für zukünftige 
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serologische Studien in entsprechend betroffenen Ländern gelegt. Im Hinblick auf die 

Wahrung der öffentlichen Gesundheit wird es weiterhin von bedeutender Wichtigkeit sein, die 

Rolle der Fledertiere in der Virusökologie und das Zusammenspiel von Virus und Wirt näher 

zu untersuchen, sowie potentielle Intermediärwirte zu identifizieren.  
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