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ABSTRACT 32 

Boid inclusion body disease (BIBD) causes losses in captive constrictor snake populations 33 

globally. BIBD associates with formation of cytoplasmic inclusion bodies (IB) which mainly 34 

comprise reptarenavirus nucleoprotein (NP). In 2017, BIBD was reproduced by cardiac 35 

injection of boas and pythons with reptarenaviruses, thus demonstrating a causative link 36 

between reptarenavirus infection and the disease. Herein, we report experimental infections of 37 

pythons (N=16) and boas (N=16) with three reptarenavirus isolates. First, we used pythons 38 

(N=8) to test two virus delivery routes: intraperitoneal injection and tracheal instillation. 39 

Independent of the delivery route, we detected viral RNA but no IBs in tissues two weeks 40 

post inoculation. Next, we inoculated pythons (N=8) via the trachea. During the four month 41 

following the infection snakes showed transient central nervous system (CNS) signs but 42 

lacked detectable IB at the time of euthanasia. One of the snakes developed severe CNS signs 43 

and we succeeded in re-isolating the virus from the brain of this individual, and could 44 

demonstrate viral antigen in neurons. In a third attempt, we tested co-housing, vaccination, 45 

and sequential infection with multiple reptarenavirus isolates on boas (N=16). At 10 months 46 

post inoculation all except one snake tested positive for viral RNA but none exhibited the 47 

characteristic IB. Analysis of the antibody responses demonstrated lower neutralizing but 48 

higher anti-reptarenavirus NP titers in experimentally versus naturally reptarenavirus infected 49 

boas. Our findings suggest that in addition to reptarenavirus infection, other factors, e.g. the 50 

antibody response, contribute to BIBD pathogenesis.  51 
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IMPORTANCE 53 

A 2017 study demonstrated cardiac reptarenavirus injection to induce boid inclusion body 54 

disease (BIBD) in pythons and boas. In the present study, we experimentally infected pythons 55 

and boas with reptarenavirus via either intraperitoneal injection or tracheal instillation. We 56 

found both virus delivery routes to result in infection; though the latter could reflect the 57 

natural route of infection. In the experimentally infected snakes, we did not find evidence of 58 

inclusion body (IB) formation, characteristic to BIBD, in pythons or in boas. Most of the 59 

snakes (11/12) studied were reptarenavirus infected after ten-month follow up, which suggests 60 

that they could eventually have developed BIBD. We further found differences between the 61 

antibody responses of experimentally and naturally reptarenavirus infected snakes, which 62 

could indicate that the pathogenesis of BIBD involves factors additional to reptarenavirus 63 

infection. As snakes are poikilotherm, also the housing conditions could have an effect.  64 
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INTRODUCTION 66 

There are descriptions of a plague called boid inclusion body disease (BIBD) in captive 67 

snake populations since the 1970s (1). The disease mostly affects members of the families 68 

Boidae and Pythonidae, and may lead to eradication of entire snake collections (1, 2). BIBD 69 

manifests itself in a variety of clinical conditions, such as neurological signs including 70 

regurgitation, head tremors, loss of coordination, and as abnormal skin shedding, secondary 71 

bacterial infections, and neoplastic diseases (1, 2). The pathognomonic hallmark of BIBD is 72 

the formation of cytoplasmic ultrastructurally electron-dense and histologically eosinophilic 73 

inclusion bodies (IBs) in almost all cell types (3, 4). The standard ante mortem diagnosis of 74 

BIBD relies on the IB detection in blood smears or tissue biopsies (1, 5, 6). Even before the 75 

causative agent of BIBD was identified, the IBs were found to consist mainly of a 68 kDa 76 

protein, unknown at the time (4). In 2012/2013 the findings of three independent groups 77 

linked BIBD with arenavirus infection (7-9). Furthermore, we and others could demonstrate 78 

that the “68 kDa protein” actually represents the arenavirus nucleoprotein (NP) (5, 7, 9).  79 

The identification of arenaviruses in snakes led to establishment of two new genera, 80 

Mammarenavirus (previously known arenaviruses) and Reptarenavirus (BIBD-associated 81 

arenaviruses), within the family Arenaviridae (10). We and others then made the observation 82 

that snakes with BIBD most often, if not always, carry several reptarenavirus L and S 83 

segments (11, 12). These studies dramatically expanded the number of fully sequenced 84 

reptarenavirus L segments, from four to approximately 150 (11, 12). Currently, the L 85 

segment of close to 30 reptarenavirus species are known based on the ICTV’s (International 86 

Committee on Taxonomy of Viruses) species demarcation criteria (species share <76% nt 87 

identity) (10). The high genetic diversity makes nucleic acid-based diagnostic approaches to 88 

BIBD challenging, and thus the detection of reptarenavirus antigen (nucleoprotein, NP) 89 

serves as an alternative (6). Additionally, increasing evidence indicates that reptarenavirus 90 
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infection is not always associated with detectable IBs (6, 13, 14), suggesting that the BIBD 91 

pathogenesis may involve additional factors. For example, we demonstrated vertical 92 

transmission of co-infecting reptarenavirus L and S segments with concurrent presence of IBs 93 

(15), and thus congenital, peri- or neonatal infection could be a prerequisite for IB formation. 94 

We also identified Haartman Institute Snake virus-1 (HISV-1) in a snake with BIBD (12), 95 

which led to establishment of the third arenavirus genus, Hartmanivirus (16, 17). Later, we 96 

observed that snakes with BIBD fairly often also carry hartmaniviruses, however, we could 97 

so far not link hartmanivirus infection to BIBD (14, 18, 19).  98 

At present, the family Arenaviridae comprises four genera: Mammarenavirus, 99 

Reptarenavirus, Hartmanivirus, and Antennavirus (17). The genome of all except 100 

antennaviruses is a bisegmented negative-sense RNA (20). The L segment of 101 

mammarenaviruses and reptarenaviruses encodes an RNA-dependent RNA polymerase 102 

(RdRp) and a zinc finger matrix Z protein (ZP), while the S segment encodes the 103 

glycoprotein precursor (GPC) and NP (21). The L segment of hartmaniviruses lacks the ORF 104 

for ZP (18).   105 

The literature describes at least three attempts to reproduce BIBD in vivo. In 1994 106 

Schumacher and co-workers injected two 3-month-old Burmese pythons (Python molurus 107 

bivitattus) with cell-free supernatants of cultured primary kidney cells of a Boa constrictor 108 

with BIBD (3). Both developed CNS signs, leading to the death of the first animal at six 109 

weeks post inoculation, and euthanasia of the second after 10 weeks (3). The pathological 110 

examination revealed a non-suppurative, lymphocyte dominated encephalitis with neuronal 111 

degeneration in both animals. IBs were only found in the second animal, and only in neurons 112 

in the brain and in the pituitary gland, but not in other organs. The authors’ attempts to re-113 

isolate and identify the causative agent were unsuccessful (3). In 2000 Wozniak and co-114 

workers infected four B. constrictors intraperitoneally with filtered liver homogenate from a 115 
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BIBD positive donor and observed IBs in hepatocytes 10 weeks post infection (4). They 116 

succeeded in isolating the IBs and in generating a monoclonal antibody against the “68 kDa 117 

protein” (most likely reptarenavirus NP, in retrospect), but could not characterize the 118 

causative agent (4). At the time of the Schumacher and Wozniak studies BIBD was suspected 119 

to be caused by an unknown retrovirus. In 2017, Stenglein and co-workers reported to have 120 

reproduced BIBD in Python regius and B. constrictor by cardiac injection of purified 121 

reptarenavirus (22). The authors diagnosed classical BIBD, as defined by IB formation, in 122 

boas but did not observe IBs in pythons (22). Furthermore, while the boas remained clinically 123 

healthy for two years after infection, the pythons developed severe CNS signs within two 124 

months (22). These findings highlight the complexity of BIBD pathogenesis, and provide 125 

further evidence that the disease outcome might vary not only between viruses but also 126 

between snake species.  127 

Herein we report the results of a series of experimental infections of pythons (P. regius) 128 

and boas (B. constrictor). When we initiated the experimental infections, in 2013, our 129 

primary aim was to demonstrate the etiologic relationship between reptarenavirus infection 130 

and BIBD. We tested two different routes, intracoelomic and tracheal, for inoculation of the 131 

snakes with purified cell culture-grown reptarenaviruses. We also studied the possibility of 132 

vaccinating the snakes against reptarenavirus infection, and potential transmission during co-133 

housing. During the third set of experimental infections, we learned that snakes with BIBD 134 

are often co-infected with several reptarenavirus species (12), and decided to attempt 135 

inoculating snakes with multiple reptarenaviruses in both co- and superinfection setups. We 136 

subjected all snakes to a full post mortem examination, used RT-PCR to detect viral RNA, 137 

immunohistology (anti-reptarenavirus NP) to detect viral antigen, ELISA for detecting anti-138 

reptarenavirus antibodies in snakes, and vesicular stomatitis viruses (VSV) pseudotyped with 139 

reptarenavirus glycoproteins to detect neutralizing antibodies (NAbs) in the snakes.  140 
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MATERIALS AND METHODS 142 

Ethics statement. The experimental infection was approved by the National Animal 143 

Experiment Board (Eläinkoelautakunta, ELLA) of Finland (permit number, 144 

ESAVI/4690/04.10.07/2013). All animals were euthanized according to Schedule 1 145 

procedures to minimize suffering.  146 

Cells, viruses and purification of viruses. The continuous B. constrictor kidney cell 147 

line, I/1Ki generated and maintained as described (9, 23), served for virus production and 148 

virus re-isolation attempts from tissues and blood of the experimentally infected animals. One 149 

isolate used in this study, University of Helsinki virus (UHV), was initially described in (9), 150 

but we later found it to actually comprise two reptarenaviruses, UHV-1 (GenBank 151 

accessions: KR870020.1 and KR870011.1) and Aurora borealis virus-1, ABV-1 (GenBank 152 

accessions: KR870021.1 and KR870010.1), at roughly equal amounts as judged by reads 153 

obtained by NGS (12). The other isolate (T10404) used was from snake no. 5 in (9), later 154 

named University of Giessen virus-1 (UGV-1; GenBank accession numbers: KR870022.1 155 

and KR870012.1). The propagation, purification, and storage of UHV and UGV-1 156 

preparations used for inoculation have been described in (23). Re-isolations of virus from 157 

infected snakes were done by overlaying I/1Ki cells (80-90% confluent) with EDTA blood 158 

and tissue homogenates of brain, lung, liver, kidney, and heart for 24 h at 30 °C, followed by 159 

media exchange and 10-14 d incubation at 30 °C. The cells were analyzed for viral antigen 160 

expression by western blotting. The cell culture supernatant collected at 5 and 10 days post 161 

infection (dpi) was cleared by centrifugation (3000 x g, 5 min), 0.45 m filtered, and the 162 

viruses pelleted by ultracentrifugation (27.000 x g, 5 °C, 2 h) through a 1 ml 30% sucrose 163 

cushion (in phosphate-buffered saline, PBS, pH 7.4) in a SW41 rotor (Beckman coulter). The 164 

pelleted virus material was re-solubilized in PBS and analyzed by sodium docecyl sulphate-165 
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polyacrylamide gel electrophoresis (SDS-PAGE) and western blotting. Virus titration was 166 

done as described for hantaviruses (24).  167 

Animals and infection. BIBD negative animals in blood smear (16 Python regius 168 

obtained were obtained from a commercial German breeder and 16 Boa constrictor from a 169 

private Swiss breeder). The animals were housed in aerated plastic boxes (Smartstore Classic 170 

15, Orthex Group, dimensions 40x30x19 cm), held in temperature (between 27-30 °C) and 171 

day-light (12 h of light) controlled ERHET cabins. The humidity (approximately 60-80%) 172 

inside housing boxes was maintained by evaporation from a water supply.  173 

For the initial trial (see Table 1), involving eight juvenile (2 months of age) pythons (P. 174 

regius) from a single clutch, three snakes were infected with UHV preparation (contains 175 

UHV-1 and ABV-1, but for simplicity referred to as UHV), three with UGV-1, and two 176 

remained as controls. The infected animals in both groups were inoculated as follows: one 177 

received 5,000 fluorescent focus forming units (fffus) intracoelomic, one 50,000 fffus 178 

intracoelomic, and one 50,000 fffus instilled into the trachea (the volume of inoculum was 179 

500 l in PBS). The control animals received 500 l PBS intracoelomic and intratracheal 180 

respectively. The snakes were monitored daily for clinical signs, and euthanized at 14 dpi.  181 

In the second experimental infection (see Table 2), again involving eight 2-month-old 182 

pythons (P. regius) from a single clutch obtained from a commercial German breeder, four 183 

pythons (P. regius) received the UHV preparation, two received UGV-1, and two were 184 

administered the equivalent amount of PBS. Virus inocula (50,000 fffus for both UGV-1 and 185 

UHV inoculations, all diluted in 0.5 ml of PBS) were instilled into the trachea. The snakes 186 

were monitored daily and fed at one to two week intervals. At 44 dpi, two juvenile (4 months 187 

of age) boas (B. constrictor) were included into the experiment, one was co-housed with a 188 

UHV (animal 2.4) and the other with a UGV-1 (animal 2.8) inoculated python. All snakes 189 
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were monitored daily for any clinical signs. The animals were euthanized as follows: animal 190 

2.1 at 118 dpi, 2.2, 2.3 and 2.7 at 22 dpi, 2.5 at 30 dpi (due to severe CNS signs), 2.4 at 69 191 

dpi, 2.6 and 2.8 at 117 dpi. The two co-housed boas (2.9 and 2.10) were also euthanized at 192 

117 dpi (73 days post initiation of co-housing), at the scheduled end of the experiment. 193 

For the third experimental infection (see Table 3), we received a clutch of 16 B. 194 

constrictors, of which three were immunized with purified UHV inactivated by addition of 195 

Triton X-100 (to a final concentration of 0.2% v/v; animals 3.4, 3.5 and 3.6), and one (animal 196 

3.3) with recombinant UHV NP (described in (23)). Briefly, at day 0 the animals were 197 

subcutaneously administered either approximately 10,000,000 fffus of detergent-inactivated 198 

UHV or 0.1 mg of recombinant UHV NP emulsified in Freund’s incomplete adjuvant 199 

(ThermoFisher Scientific), the total volume per individual was 125 l. At 13 and 26 d after 200 

the initial administration, boosters with a similar dose were administered. At 74 days post 201 

initial immunizations eight boas (animals 3.3-3.10, including the vaccinated ones, 3.3-3.6) 202 

received 250,000 fffus of UHV, two boas (animals 3.11 and 3.12) received 125,000 fffus of 203 

both UHV and UGV-1, and two boas (animals 3.13 and 3.14) received 250,000 fffus of 204 

UGV-1, by tracheal instillation. At 116 dpi, two vaccinated snakes were administered 205 

250,000 fffus of UGV-1 (animals 3.3 and 3.4), and the two snakes initially inoculated with 206 

UGV-1 (animals 3.13 and 3.14) were placed into boxes with UHV-inoculated snakes for co-207 

housing (animals 3.9 and 3.10, respectively). The snakes were monitored daily for any 208 

clinical signs and fed at one to three week intervals. 209 

Prior to virus inoculation, a blood sample had been collected from the tail vein of each 210 

animal. Snakes were euthanized by decapitation after sedation by exposure to CO2. A blood 211 

sample was collected and animals were necropsied and organ samples collected immediately 212 

into Trizol (Life Technologies, for RT-PCR) and into paraformaldehyde (PFA; 4% solution 213 
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in PBS, for histology and immunohistology), and were fresh frozen at -70 °C for virus 214 

isolation and further analyses.  215 

SDS-PAGE and immunoblotting. SDS-PAGE and immunoblotting were done as 216 

described (9, 23). The antibodies against UHV nucleoprotein (NP), described in (23), were 217 

used for the detection in immunoblottings. The visualization of immunoblots probed (at 218 

1:10,000 dilution) with goat anti-rabbit IR800Dye (LI-COR biosciences) or goat anti-rabbit 219 

AlexaFluor 680 (Invitrogen) was done using the Odyssey Infrared Imaging System (LI-COR 220 

bioscience).   221 

Reverse transcription-polymerase chain reaction (RT-PCR) and Sanger sequencing. 222 

RNA isolation from tissue and blood samples was done as described (15). The RT-PCRs for 223 

UHV-1, ABV-1, and UGV-1 L and/or S segments were done initially using primers and 224 

protocol described in (15), and the RT-PCR products were analysed by standard agarose gel 225 

electrophoresis visualized by GelRed Nucleic Acid Stain (Biotium) and subjected to Sanger 226 

sequencing (core facility of the Haartman Institute, University of Helsinki, Finland). The 227 

isolated RNAs were later re-analyzed using a one step Taqman assay with the following 228 

primers and probes targeting the S segment: UGV-1 probe 6-Fam-229 

CTCGACAAGCGTGGGCGGAGG-BHQ-1, UGV-1-fwd 5´-230 

CAAGAAAAACCACACTGCACA-3´, UGV-rev 5´-AACCTGTTGTGTTCAGTAGT-3´, 231 

UHV-1 probe 6-Fam-TCCTCTGCCGCAAAAGACTATGTCACAG-BHQ-1, UHV-1-fwd 5´ 232 

-ACAAACTGAATAAGACTGCTGCATT-3´, UHV-1-rev 5´-233 

AGGGCTATACACACATAGTTGGATG-3´, ABV probe 6-Fam-234 

CATGAATTCTTCATCGACATCAGAAACCG-BHQ-1, ABV-1-fwd 5´-235 

CCGTACTGCACAACTGATGATG-3´, ABV-1-rev 5´-236 

AGCAACACAGGAGTAACCTGTCAC-3´, and following the TaqMan Fast Virus 1-Step 237 

Master Mix (ThermoScientific) product guidelines.  238 
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Histology and immunohistochemistry (IHC). For histology and IHC, samples of brain, 239 

lung, liver, kidney, pancreas, spleen, small intestine, and heart were fixed in PFA for 48 h and 240 

routinely paraffin wax embedded. Sections (3-4 µm) were prepared and stained with 241 

hematoxylin-eosin (HE). For all RT-PCR-positive animals, consecutive sections were 242 

prepared and subjected to IHC for viral NP, employing the recently described broadly cross-243 

reactive rabbit anti-pan-reptarenavirus antiserum (25), following a previously described 244 

protocol (9, 23).  245 

Focus reduction neutralization test (FRNT) using replication incompetent vesicular 246 

stomatitis virus (VSV) pseudotyped with reptarenavirus GPs. Production of single cycle 247 

replication, GP deficient, recombinant VSV expressing the enhanced green fluorescent 248 

protein (scrVSV∆G-eGFP) pseudotyped with different reptarenavirus GPs was done as 249 

described (26). Each pseudotyped scrVSV∆G-eGFP batch was titrated with a 10-fold dilution 250 

series on a 96-well plate of clean I/1Ki cells, and the dilution yielding 50-150 fluorescent 251 

cells was selected for FRNT. To demonstrate neutralizing antibodies (NAbs) against UHV-1, 252 

UGV-1, and ABV-1, EDTA plasma was prepared from the blood samples (14) and incubated 253 

with the pseudotyped VSVs at 30 °C for 60 min prior to laying the virus-serum mixture onto 254 

80-90% confluent I/1Ki cells. After 2 h incubation at 30 °C, the virus-plasma mixture was 255 

replaced with fresh complemented medium, and the plate was incubated for 16-24 h at 30 °C. 256 

Infected cells were enumerated using fluorescence microscopy. All experiments were 257 

performed in triplicate. Plasma samples of 24 naturally reptarenavirus infected snakes from 258 

an earlier study (14) were analysed using VSVs pseudotyped with S5-like, Tavallinen 259 

suomalainen mies virus-2 (TSMV-2), and UGV-1 GPs. These reptarenavirus S segments had 260 

been found in the collection, and the snakes had been analysed by RT-PCR for their presence 261 

at the time of sampling (14). The neutralizing titer was determined as the plasma dilution that 262 

induced at least a 50% reduction in the number of fluorescent foci.   263 
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RESULTS 264 

Selection of the infection route. In the first experimental infection involving eight 265 

juvenile, approximately 2-month-old P. regius, we tested whether the route of admission 266 

would affect the course of infection. Cell culture adaptation is for many viruses known to 267 

cause virus attenuation. Thus we decided to use two virus preparations, UHV (containing 268 

UHV-1 and ABV-1) which has been propagated in tissue cultures for >8 years, and UGV-1, 269 

after a single passage. The viruses were purified by ultracentrifugation, diluted in PBS and 270 

used to inoculate each three snakes (Table 1), two into the coelomic cavity (5,000 and 50,000 271 

fffus), the third via the respiratory route, by instillation into the trachea (50,000 fffus), to best 272 

mimic a possible natural route of infection. Some animals exhibited slight lethargy, but none 273 

showed clinical signs during the following two weeks (Fig. 1). At the time of euthanasia, two 274 

weeks post inoculation, RT-PCR confirmed UGV-1 infection of the brain regardless of the 275 

route of infection, whereas only tracheal instillation of UHV resulted in detection of viral 276 

RNA, and only in the lung, at the end of the experiment (Table 1). None of the snakes 277 

showed IB formation in blood or tissues, and there was no evidence of viral NP expression 278 

including the brain.  279 

Experimental infection of a group of pythons (P. regius). After demonstrating 280 

inoculation via the trachea to be effective in the initial trial, we decided to employ tracheal 281 

inoculation in the subsequent experiments because it likely reflects the natural route of 282 

infection. For the experiment, we inoculated four juvenile pythons (animals 2.3 to 2.6) at the 283 

age of approximately 2 mo with UHV, two (2.7, 2.8) with UGV-1, and two control animals 284 

(2.1 and 2.2) with PBS (Table 2, Fig. 2). We monitored the snakes daily for signs of disease, 285 

and at 19 dpi animals 2.3, 2.6, 2.7, and 2.8 showed mild head tremor (Fig. 2). Animal 2.6 also 286 

exhibited unphysiological tail postures. At 22 dpi two of these snakes (2.3 and 2.7) were 287 

euthanized as scheduled, together with one control snake (2.2). Both animals 2.3 and 2.7 288 
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were found to be infected; animal 2.3 was RT-PCR positive for both inoculated viruses 289 

(UHV-1, ABV-1), but only in the lung. It did not show IB formation in any tissue (Table 2). 290 

Animal 2.6 exhibited viral RNA in brain and lungs, but neither IB formation nor viral antigen 291 

expression. 292 

At 25 dpi we observed neurological signs in animal 2.5 (body balance and coordination 293 

problems). At 29 dpi, during feeding, animal 2.5 showed tremor and lethargy, and had severe 294 

difficulties to swallow its feed (a frozen mouse); the snake had to be euthanized the following 295 

day, since the clinical signs had worsened (Fig. 2). We found virus by RT-PCR in both lungs 296 

and brain and could purify the virus from I/1Ki cells inoculated with a brain homogenate. We 297 

could not detect IBs in blood cells, but the animal exhibited reptarenavirus NP expression in 298 

neurons in the brain and in cells with the morphology of macrophages and/or dendritic cells 299 

in spleen and thymus (Fig. 3, Table 2). At 34 dpi, animal 2.8 showed CNS signs (body 300 

balance and coordination problems) and at 37 dpi animal 2.4 showed head tremors; in both 301 

snakes, the clinical signs improved and vanished during the following days (Fig. 2). At 43 302 

dpi, having received 16 juvenile B. constrictor snakes, we decided to investigate whether co-303 

housing with experimentally infected P. regius would result in virus transmission across the 304 

two species. We placed one boa each in the box of one python (animal 2.9 to animal 2.4, and 305 

animal 2.10 to animal 2.8). At 54 dpi animal 2.8 again showed CNS signs (tremors and 306 

disorientation). The next day animal 2.4 also showed similar signs. However, the clinical 307 

signs of animal 2.8 improved during the following days (Fig. 2). At 61 dpi animal 2.6 which 308 

had shown mild CNS signs early after inoculation (day 19), had diarrhea, but was otherwise 309 

in good condition. At 69 dpi we sacrificed animal 2.4 since the mild CNS signs had by then 310 

persisted for two weeks. The animal did not exhibit IBs or viral antigen expression, and we 311 

did not find reptarenavirus RNA in the tissues studied .  The boa (animal 2.9) that had been 312 

co-housed with this animal was moved to the box of animal 2.6. 313 
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At 83 to 85 dpi animal 2.6 showed lethargy and the co-housed boa (animal 2.9) displayed 314 

abnormal tail postures. In addition, animal 2.8 was lethargic at 85 dpi. The clinical signs of 315 

all three snakes improved during the following days, but from 98 dpi onwards, animal 2.6 316 

was again lethargic. At 100 dpi, animal 2.8 showed similar lethargy, but again, both snakes 317 

improved during the following days. At 109 dpi, when feeding, both again showed CNS signs 318 

(mild tremor) and refused to feed. The boa (animal 2.9) co-housed with a python (animal 2.6) 319 

showed similar signs and difficulties in eating. At 117 dpi we decided to euthanize these three 320 

animals (2.6, 2.8, 2.9) as well as the boa (animal 2.10) that had shared the box with the 321 

python (animal 2.8). At 118 dpi we sacrificed the remaining control animal, snake 2.1. All 322 

except the control animal (2.1) and the co-housed boas were found reptarenavirus positive by 323 

RT-PCR in the lung, and animal 2.7 carried the virus also in the brain. The histological 324 

analysis did not reveal IB formation in any of these animals; reptarenavirus antigen 325 

expression was also not detected (Table 2). 326 

Vaccination, and experimental infection challenge of B. constrictors. Since the first 327 

two rounds of experimental infections had been unsuccessful in terms of replicating IB 328 

formation, we finally decided to attempt inoculation of boas (B. constrictor), since the virus 329 

isolates originate from this species. We also decided to attempt vaccination prior to 330 

inoculations and used purified UHV lysate (three animals: 3.3 to 3.5) or recombinant UHV-1 331 

NP ((23), snake 3.6). We gave the first vaccinations the day after the boas had arrived (-74 332 

dpi), i.e. the start day for the python-boa co-housing experiment. Around two (-61 dpi) and 333 

four weeks (-48 dpi) later we boosted animals 3.3 to 3.6 with the same antigens (Table 3, Fig. 334 

4).  335 

Since we had successfully infected the pythons but been unsuccessful inducing IB 336 

formation, we decided to increase the amount of input virus and chose to use an infectious 337 

dose that was five-fold higher than that used earlier. We also wanted to attempt co-infection 338 
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of some snakes with UHV and UGV-1, but were at this point unaware that our UHV 339 

preparation was indeed a mix of ABV-1 and UHV-1. We inoculated the vaccinated boas 340 

(animals 3.3 to 3.6) and four non-vaccinated boas (animals 3.7 to 3.10) with UHV (250,000 341 

fffus/snake), two boas (animals 3.11 and 3.12) with a mix of UHV and UGV-1 (125,000 342 

fffus/snake of each), and two boas (animals 3.13 and 3.14) with UGV-1 (250.000 343 

fffus/snake), Table 3. At 14 dpi we observed mild tremors in animals 3.5, 3.6, 3.10, 3.11, 344 

3.13, and 3.14, but the signs waned the following days. Afterwards, mild CNS signs were 345 

observed occasionally; at 57 dpi (animal 3.4, stargazing), at 59 dpi (animal 3.4, tremor), at 68 346 

dpi (anima 3.7, tremor), and at 79 dpi (animals 3.3 and 3.6, tremor), Fig. 4.  347 

After discovery that snakes with BIBD often carry several reptarenavirus L and S 348 

segments (12), we decided to super-infect some snakes by re-inoculation at 115 dpi: animals 349 

3.3 and 3.4 (originally inoculated with UHV) received 250,000 fffus/snake of UGV-1. At this 350 

point, we had also detected using next-generation sequencing that our UHV preparation 351 

actually contains two viruses (ABV-1 and UHV-1) and decided to retry virus transmission 352 

during co-housing. Therefore, at 115 dpi, we placed animal 3.9 (UHV inoculated) in the box 353 

of animal 3.13 (UGV-1 inoculated), and animal 3.10 (UHV inoculated) in the box of animal 354 

3.14 (UGV-1 inoculated). We continued monitoring the snakes and observed the following 355 

intermittent clinical signs that affected all animals at some point: at 127 dpi (animals 3.3, 356 

3.10, 3.13, 3.14, mild tremors), at 132 dpi (3.3, mild tremor), at 140 dpi (3.12, mild tremor 357 

and disorientation), at 149 dpi (3.3, disorientation), at 152 dpi (3.12, stargazing), at 155 dpi 358 

(3.10, tremors and disorientation), at 161 dpi (3.13, mild tremor), at 186 dpi (3.7, 359 

disorientation), at 215 dpi (3.10, mild tremor; 3.3 disorientation), at 229 dpi (3.9, 3.10, 3.13, 360 

and 3.14, mild tremors; 3.14 lethargy), at 235 dpi (3.4, 3.6, 3.7, 3.9 to 3.11, 3.13, and 3.14, 361 

mild tremor; 3.9, 3.11 and 3.12, lethargy), at 251 dpi (3.10 and 3.11, mild tremors; 3.4, 3.8, 362 
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3.10 and 3.12, lethargy), at 261 dpi (3.12, tremor), at 265 dpi (3.12, tremor; 3.14, stargazing), 363 

and at 276 dpi (3.4, 3.6, 3.8 to 3.10 and 3.12 to 3.14, lethargy), Fig. 4.  364 

At 294 dpi we euthanized animals 3.3 to 3.8, and at 295 dpi we euthanized 3.9 to 3.14, as 365 

scheduled. Using RT-PCR we could confirm that all animals except snake 3.4 were infected. 366 

They carried viral RNA in one or more of the tissues studied; five animals (3.4, 3.8, 3.10 to 367 

3.12) were also found to be viremic. None of the animals exhibited IB or reptarenavirus 368 

antigen in any tissue or the blood, Table 3. 369 

Immune response against reptarenavirus NP in experimentally and naturally 370 

infected snakes. Unlike Stenglein and colleagues (22), we did not succeed in inducing IB 371 

formation, the hallmark of BIBD (1, 3-7, 9), by experimental reptarenaviruses infection in 372 

python or boas. We recently learned that reptarenavirus infected snakes with IBs in blood 373 

cells have lower levels of anti-reptarenavirus antibodies as compared to reptarenavirus 374 

infected snakes without IBs (14). Thus we compared the antibody responses of the 375 

experimentally infected snakes to responses in naturally reptarenavirus infected boas (the 376 

latter using a panel of 24 plasma samples available from an earlier study (14)) using tools 377 

developed earlier (14, 23, 26, 27). We used ELISA with purified UGV-1 as the antigen to 378 

determine the level of IgM and IgY antibodies against reptarenavirus NP (Table 4). None of 379 

the python sera produced signal in the ELISA, most likely indicating lack of cross-reactivity 380 

of our anti-boa immunoglobulin reagents to python immunoglobulins, rather than lack of 381 

antibodies. The ELISA results show that the uninfected boas that served as control snakes did 382 

not have anti-reptarenavirus NP antibodies, suggesting that the snakes had not been in contact 383 

with reptarenaviruses prior to vaccination and/or inoculation (Table 4 and Fig. 5A). The 384 

result also indicates that the vaccinations with both inactivated UHV preparation and 385 

recombinant UHV-1 NP had induced the formation of anti-NP antibodies (Table 4 and Fig. 386 

5A-B). We took the serum samples from the vaccinated snakes at day 74 after the initial 387 
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vaccination, which is the likely reason for the presence of IgY but not IgM class anti-NP 388 

antibodies. At the end of the experiment, approximately 10 months post virus challenge, all 389 

snakes had IgY class anti-NP antibodies (Table 4 and Fig. 5B). Their anti-NP IgY levels were 390 

slightly higher than those of the naturally infected snakes of which some were also anti-NP 391 

IgM positive (Tables 4 and 5A). We then compared the results of snakes without IB to those 392 

of snakes with IB (i.e. confirmed BIBD) and observed that the latter had lower levels of anti-393 

NP antibodies (Table 4 and Fig. 5A-B), a finding reported earlier (14).   394 

Reptarenavirus NAbs in experimentally and naturally infected snakes. As the analysis 395 

of anti-reptarenavirus NP antibodies indicated potential differences in the immune response 396 

of experimentally versus naturally infected snakes, we wanted to compare the NAb response 397 

in both groups of snakes. Using a fluorescent replication-defective recombinant vesicular 398 

stomatitis virus (rVSV-ΔG*eGFP) system, we had previously generated single-round 399 

infectious particles pseudotyped with reptarenaviral GPCs (ABV-1, UHV-1, UGV-1, S5-like, 400 

and TSMV-2) (26) which we employed to determine the 50% focus reduction neutralization 401 

titer (FRNT50) for the sera. We studied the boa sera from the third experimental infection 402 

against ABV-1, UHV-1 and UGV-1 GP bearing pseudotypes, and used UGV-1, S5-like, and 403 

TSMV-2 GP bearing pseudotypes for the sera of the naturally infected snakes from our 404 

previous study (14). The latter were selected based on the result of RT-PCRs targeting the 405 

respective S segments (14). The results indicate differences in the neutralizing titers of the 406 

experimentally infected snakes (Table 4 and Fig. 5C-D). Four snakes (animals 3.3, 3.4, 3.10 407 

and 3.11) showed the highest FRNT50 titer against UGV-1, two (animals 3.6 and 3.14) 408 

against UHV-1, and three (animals 3.7, 3.8 and 3.9) against ABV-1. Snake 3.5 showed equal 409 

FRNT50 titers for UGV-1 and UHV-1, snake 3.12 for all studied viruses, and snake 3.13 for 410 

UGV-1 and ABV-1. Two of the snakes, 3.8 (inoculated with UHV) and 3.10 (inoculated with 411 

both UHV and UGV-1), did not show NAbs against UHV-1 and ABV-1, respectively, but 3.9 412 

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted October 6, 2020. ; https://doi.org/10.1101/2020.10.05.327502doi: bioRxiv preprint 

https://doi.org/10.1101/2020.10.05.327502
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

 

had a good NAb response against UGV-1. Animal 3.12 had the highest recorded neutralizing 413 

titer against UHV-1, reaching a value of 1,600. Two snakes, animals 3.1 and 3.2, mounted the 414 

weakest NAb response with the highest titer reaching 250, while for other experimentally 415 

infected snakes the highest titers were at or above 400.  416 

The naturally infected snakes showed much higher NAb titers, for most animals the 417 

highest titer was clearly above 1,000 and for some we recorded neutralizing titers as high as 418 

6,400 (Table 4 and Fig. 5C).  We further observed that a high neutralizing titer against a 419 

given virus did not provide neutralization against other reptarenaviruses (see e.g. animals #5, 420 

#23, #27, and #37 in Table 4), which suggests that the level of cross-neutralization might be 421 

low.  422 

423 
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DISCUSSION 424 

BIBD has remained an enigmatic disease for decades. Before identifying reptarenaviruses 425 

as the likely causative agent, at least two studies had reproduced the disease under 426 

experimental conditions using cell culture isolated causative agent (3, 4). In the 1994 report 427 

by Schumacher and coauthors, one of the two infected Burmese pythons (P. bivitattus) 428 

developed severe CNS signs and died six weeks post inoculation, the second was euthanized 429 

ten weeks post inoculation due to severe CNS signs (3). The authors did observe IBs in the 430 

brain of one of the snakes, however, they failed to re-isolate the infectious agent (3). 431 

Retrospectively, it is possible that the re-isolation per se was successful but the authors 432 

merely failed to detect the causative agent since reptarenaviruses do not induce a cytopathic 433 

effect in cell culture. In the second study, by Wozniak and colleagues, the authors inoculated 434 

four juvenile boas (B. constrictor) with a liver homogenate from a snake with BIBD and 435 

included two equal-sized control groups: non-inoculated, and inoculated with a liver 436 

homogenate from a healthy boa (4). By ten weeks post inoculation, all four snakes inoculated 437 

with liver homogenate from a BIBD positive snake had developed IBs in the liver, but none 438 

showed clinical signs of BIBD during the one-year surveillance period (4). After 439 

identification of reptarenaviruses as the most likely etiological agent for BIBD, Stenglein and 440 

colleagues performed an experimental infection on two pythons (P. regius) and two boas (B. 441 

constrictor) (22). The pythons developed CNS signs within two months post inoculation, but 442 

did not show IB formation and only the brain samples tested positive for the viral NP, i.e. the 443 

main IB component (22). The authors monitored the experimentally infected boas for two 444 

years, and in addition to IB formation in several tissues, the boas demonstrated virus 445 

secretion via feces and urates, but remained clinically healthy (22). 446 

Based on the Schumacher and Wozniak studies (3, 4), and following anecdotal evidence of 447 

breeders employing pythons as sentinels of BIBD, since they can rapidly develop CNS signs, 448 
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we initially made an attempt at experimental infection of juvenile pythons (P. regius). The 449 

experimental inoculation of the first set of pythons (N=8) revealed that inoculation via 450 

trachea or by intraperitoneal injection results in virus replication in multiple tissues. We 451 

considered inoculation via trachea to better mimic the natural infection route, and thus used 452 

tracheal instillation in the subsequent experiments. In the second experimental infection of 453 

pythons (P. regius), one individual developed severe CNS signs and we could re-isolate the 454 

virus from the brain of this snake, however, none of the snakes demonstrated IBs even after 455 

four months post inoculation. For the third experimental infection, 16 boa siblings (B. 456 

constrictor) were available and we co-housed two boas with pythons that had been 457 

experimentally infected prior to initiation of this experiment, however, we could not confirm 458 

horizontal transmission. Considering the results of Stenglein and co-workers, transmission 459 

from pythons to boas during co-housing can be considered as unlikely, since the authors did 460 

not find reptarenavirus RNA in python excreta (22). We immunized four boas prior to virus 461 

inoculations, and used a higher amount of virus for the tracheal inoculations. During the 462 

experiment, we learned that snakes with BIBD often harbor several reptarenaviruses, and that 463 

our “UHV inoculum” actually contained UHV-1 and ABV-1 at a roughly 1:1 ratio. On top of 464 

the co-infection with two distinct reptarenaviruses, we then superinfected some of the snakes 465 

with a genetically distinct reptarenavirus (UHV inoculated snakes re-inoculated with UGV-1) 466 

at approximately 3.5 months after the initial inoculation. We also attempted co-housing to 467 

demonstrate horizontal transmission, but none of the snakes developed IBs during the 10-468 

month surveillance period, even though some boas tested RT-PCR positive for multiple 469 

reptarenaviruses. Our findings on pythons were similar to those of Stenglein and colleagues 470 

(22); however, unlike in other studies (3, 4, 22), we did not detect IB formation in the boas. 471 

On the other hand, our findings in the pythons, i.e. the clinical evidence that they are more 472 
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prone to develop CNS signs than boas upon infection, concur with those made in earlier 473 

studies (3, 4, 22).  474 

To understand why the boas did not develop IBs in our experimental set up, we studied the 475 

antibody response against NP, the main protein component of the IBs, and NAbs. We 476 

observed that the experimentally infected boas had mounted a strong antibody response 477 

against NP while lacking IBs. In our earlier study, we found low anti-NP antibody responses 478 

in snakes with BIBD (14), which together with the findings of the present study suggest that 479 

the antibody response could play a role in disease development. Interestingly, the amount of 480 

NAbs appeared to have a rather inverse correlation to the appearance of IBs, the 481 

experimentally infected snakes showed lower amounts of NAbs than the naturally infected 482 

snakes with the disease. Viremia in snakes with BIBD regardless of a strong NAbs response 483 

is interesting, and may be indicative of the role of snakes as reptarenavirus reservoirs, since 484 

persistently infected Calomys musculinus (dryland vesper mouse), the primary reservoir host 485 

of Junin virus (JUNV), a mammarenavirus, also possess NAbs (28-30). The same holds true 486 

for the persistently infected hantavirus rodent hosts (31, 32). The studies on JUNV and 487 

lymphocytic choriomeningitis virus (LCMV) suggest that mutations to the targets of NAbs 488 

could at least partially explain the persistence (28-30, 33). In our study, vaccination of snakes 489 

with either inactivated virus or recombinant NP resulted in strong antibody responses, 490 

however, the vaccination only protected one of the snakes against challenge with infectious 491 

virus. Unfortunately, our animal experimentation permits did not allow blood collection via 492 

cardiac venipuncture, due to which we obtained only a low amount of blood after completing 493 

the immunizations and could thus not analyze NAb titers. It is possible that immunization of 494 

snakes with detergent-inactivated reptarenaviruses did not induce a high enough NAb 495 

response to sustain virus challenge. Weakly neutralizing or non-neutralizing antibodies 496 

against reptarenavirus GPs could also boost the infection via antibody-dependent 497 
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enhancement (ADE) i.e. by enabling the virus to enter Fc receptor expressing cells. ADE 498 

could allow infection by viruses bearing the GPs of different reptarenavirus species, e.g. 499 

antibodies against UHV-1 GPs could facilitate infection by virions with UGV-1 GPs. Further 500 

studies are needed to reveal whether a NAb response can be induced by e.g. recombinant 501 

reptarenavirus GPs, and whether the NAb response would actually protect the snakes from 502 

virus challenge. Vaccines against reptarenaviruses do currently not exist, though an effective 503 

vaccine might allow reptarenavirus eradication and enable BIBD-free snake collections or 504 

controlling the disease signs.  505 
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FIGURE LEGENDS 667 

Figure 1. A schematic representation of the first experimental infection timeline. The 668 

experiment included eight pythons (P. regius), which were monitored for 14 days post 669 

inoculation. The vertical arrows indicate inoculation. White (mild tremor) and black (tremor) 670 

X-marks in the infection timeline mark the observed CNS signs. The black crosses indicate 671 

euthanasia. 672 

Figure 2. A schematic representation of the second experimental infection timeline. The 673 

experiment included eight pythons (P. regius) and two boas (B. constrictor), which were 674 

monitored up to 118 days post inoculation. The vertical arrows indicate inoculation. The 675 

observed CNS signs are marked by white (mild tremor) and black (tremor) X-marks, and the 676 

co-housing of snakes by shading of the infection timeline. The black crosses indicate 677 

euthanasia. 678 

Figure 3. Brain and spleen, Python regius, euthanized 22 days post intratracheal instillation 679 

of UHV (animal 2.5). Immunohistochemistry (IHC) shows for reptarenavirus nucleoprotein 680 

in the cytoplasm of neurons (arrowhead) in the brain (A) and in macrophages/dendritic cells 681 

(arrowheads) in the spleen (C). Negative control slides (B and D). IHC employing a broadly 682 

cross-reactive rabbit anti-pan-reptarenavirus antiserum (25), hematoxylin counterstain. Bars = 683 

20 µm. 684 

Figure 4. A schematic representation of the third experimental infection timeline. The 685 

experiment included 14 boas (B. constrictor), which were monitored up to 295 days (~10 686 

months) post inoculation. The inclined arrows indicate immunization, and the vertical arrows 687 

indicate inoculation time points. White (mild tremor) and black (tremor) X-marks indicate the 688 

observed CNS signs, and the co-housing of snakes by shading of the infection timeline. The 689 

black crosses indicate euthanasia. 690 
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Figure 5. Antibody responses in experimentally versus naturally infected boas (B. 691 

constrictor). A) A box plot of IgM class antibodies against reptarenavirus NP (using 692 

concentrated UGV-1 lysate as the antigen). The boxes from left represent: naturally infected 693 

snakes without IBs, naturally infected snakes with IBs, the 0-bleeds collected prior to 694 

immunization or inoculation, samples collected following immunization, and samples 695 

collected from the experimentally infected snakes at the time of euthanasia. The y-axis 696 

represents OD450 nm values as the ELISA readout. B) A box plot of IgY class antibodies 697 

against reptarenavirus NP (using concentrated UGV-1 lysate as the antigen). The boxes from 698 

left represent: naturally infected snakes without IBs, naturally infected snakes with IBs, the 0-699 

bleeds collected prior to immunization or inoculation, samples collected following 700 

immunization, and samples collected from the experimentally infected snakes at the time of 701 

euthanasia. The y-axis represents OD450 nm values as the ELISA readout. C) A box plot of 702 

neutralizing antibody (NAb) titers as studied using VSV pseudotypes with reptarenavirus 703 

glycoproteins. The boxes from left represent: neutralizing antibodies against UGV-1 in 704 

experimentally infected snakes, neutralizing antibodies against UHV-1 in experimentally 705 

infected snakes, neutralizing antibodies against ABV-1 in experimentally infected snakes, 706 

neutralizing antibodies against UGV-1 in naturally infected snakes, neutralizing antibodies 707 

against S5-like glycoproteins in naturally infected snakes, and neutralizing antibodies against 708 

TSMV-2 in naturally infected snakes. The y-axis represents the last dilution producing 50% 709 

reduction in the number of fluorescent foci. D) A box plot of neutralizing antibody (NAb) 710 

titers as studied using VSV pseudotypes with reptarenavirus glycoproteins in naturally 711 

infected snakes with and without IBs. The boxes from left represent: neutralizing antibodies 712 

against UGV-1 in snakes with IBs, neutralizing antibodies against UGV-1 in snakes without 713 

IBs, neutralizing antibodies against S5-like glycoproteins in snakes with IBs, neutralizing 714 

antibodies against S5-like glycoproteins in snakes without IBs, neutralizing antibodies 715 
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against TSMV-2 in snakes with IBs, and neutralizing antibodies against TSMV-2 in snakes 716 

without IBs. The y-axis represents the last dilution producing 50% reduction in the number of 717 

fluorescent foci. 718 
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Table 1. First experimental infection. 

Animal Species Age Inoculation 
route 

Virus and dose RT-PCR (Brain, Lung, 
Blood) 

Blood 
smear 

Histology IHC 

1.1 P. regius Juvenile 
(~2 Mo) 

Trachea and 
coelomic cavity 

mock (PBS) Neg, Neg, Neg Neg Neg Neg 

1.2 P. regius Juvenile 
(~2 Mo) 

Trachea and 
coelomic cavity 

mock (PBS) Neg, Neg, Neg Neg Neg Neg 

1.3 P. regius Juvenile 
(~2 Mo) 

coelomic cavity UGV-1, 5000 fffus UGV-1, Neg, Neg Neg Neg Neg 

1.4 P. regius Juvenile 
(~2 Mo) 

coelomic cavity UGV-1, 50000 fffus UGV-1, Neg, Neg Neg Neg Neg 

1.5 P. regius Juvenile 
(~2 Mo) 

Trachea UGV-1, 50000 fffus UGV-1, UGV-1, Neg Neg Neg Neg 

1.6 P. regius Juvenile 
(~2 Mo) 

coelomic cavity UHV (UHV-1 and ABV-1), 
5000 fffus 

Neg, Neg, Neg Neg Neg Neg 

1.7 P. regius Juvenile 
(~2 Mo) 

coelomic cavity UHV (UHV-1 and ABV-1), 
50000 fffus 

Neg, Neg, Neg Neg Neg Neg 

1.8 P. regius Juvenile 
(~2 Mo) 

Trachea UHV (UHV-1 and ABV-1), 
50000 fffus 

Neg, UHV-1 and ABV-1, 
ABV-1 

Neg Neg Neg 
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Table 2. Second experimental infection. 

Animal Species Age Inoculation 
route 

Virus and dose RT-PCR (Brain, Lung, 
Blood) 

Blood 
smear 

Histology IHC 

2.1 P. regius Juvenile 
(~2 Mo) 

Trachea mock (PBS) Neg, Neg, Neg Neg Neg Neg 

2.2 P. regius Juvenile 
(~2 Mo) 

Trachea mock (PBS) Neg, Neg, Neg Neg Neg Neg 

2.3 P. regius Juvenile 
(~2 Mo) 

Trachea UHV (UHV-1 and ABV-
1), 50000 fffus 

Neg, UHV-1 and ABV-1, 
Neg 

Neg Neg Neg 

2.4 P. regius Juvenile 
(~2 Mo) 

Trachea UHV (UHV-1 and ABV-
1), 50000 fffus 

Neg, Neg, Neg Neg Neg Neg 

2.5 P. regius Juvenile 
(~2 Mo) 

Trachea UHV (UHV-1 and ABV-
1), 50000 fffus 

ABV-1, ABV-1, ABV-1 Neg Neg Pos 

2.6 P. regius Juvenile 
(~2 Mo) 

Trachea UHV (UHV-1 and ABV-
1), 50000 fffus 

Neg, ABV-1, Neg Neg Neg Neg 

2.7 P. regius Juvenile 
(~2 Mo) 

Trachea UGV-1, 50000 fffus UGV-1, UGV-1, UGV-1 Neg Neg Neg 

2.8 P. regius Juvenile 
(~2 Mo) 

Trachea UGV-1, 50000 fffus Neg, UGV-1, Neg Neg Neg Neg 

2.9 B.contrictor Juvenile 
(~4 Mo) 

None Co-housing with 2.4 Neg, Neg, Neg Neg Neg Neg 

2.10 B.contrictor Juvenile 
(~4 Mo) 

None Co-housing with 2.8 Neg, Neg, Neg Neg Neg Neg 
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Table 3. Third experimental infection. 

Animal Species Age Vaccination Inoculation 
route 

Virus and dose RT-PCR (Brain, Lung, 
Blood) 

Blood 
smear 

Histology IHC 

3.1 B.contrictor Juvenile 
(~4 Mo) 

 Trachea mock (PBS) Neg, Neg, Neg Neg Neg Neg 

3.2 B.contrictor Juvenile 
(~4 Mo) 

 Trachea mock (PBS) Neg, Neg, Neg Neg Neg Neg 

3.3 B.contrictor Juvenile 
(~4 Mo) 

Recombinant 
UHV-1 NP 

Trachea UHV (UHV-1 and 
ABV-1), 250000 fffus 

Neg, UGV-1, Neg Neg Neg Neg 

3.4 B.contrictor Juvenile 
(~4 Mo) 

Inactivated 
UHV 

Trachea UHV (UHV-1 and 
ABV-1), 250000 fffus 

Neg, UGV-1, Neg Neg Neg Neg 

3.5 B.contrictor Juvenile 
(~4 Mo) 

Inactivated 
UHV 

Trachea UHV (UHV-1 and 
ABV-1), 250000 fffus 

Neg, UHV-1, UHV-1 and 
ABV-1 

Neg Neg Neg 

3.6 B.contrictor Juvenile 
(~4 Mo) 

Inactivated 
UHV 

Trachea UHV (UHV-1 and 
ABV-1), 250000 fffus 

Neg, Neg, Neg Neg Neg Neg 

3.7 B.contrictor Juvenile 
(~4 Mo) 

 Trachea UHV (UHV-1 and 
ABV-1), 250000 fffus 

ABV-1, Neg, Neg Neg Neg Neg 

3.8 B.contrictor Juvenile 
(~4 Mo) 

 Trachea UHV (UHV-1 and 
ABV-1), 250000 fffus 

ABV-1, Neg, ABV-1 Neg Neg Neg 

3.9 B.contrictor Juvenile 
(~4 Mo) 

 Trachea UHV (UHV-1 and 
ABV-1), 250000 fffus 

ABV-1, ABV-1, ABV-1 Neg Neg Neg 

3.10 B.contrictor Juvenile 
(~4 Mo) 

 Trachea UHV (UHV-1 and 
ABV-1), 250000 fffus 

Neg, ABV-1, ABV-1 Neg Neg Neg 

3.11 B.contrictor Juvenile 
(~4 Mo) 

 Trachea UHV 125000 and 
UGV-1 125000 fffus 

Neg, UGV-1, Neg Neg Neg Neg 

3.12 B.contrictor Juvenile 
(~4 Mo) 

 Trachea UHV 125000 and 
UGV-1 125000 fffus 

Neg, UGV-1, Neg Neg Neg Neg 

3.13 B.contrictor Juvenile 
(~4 Mo) 

 Trachea UGV-1, 250000 fffus + 
co-housing with 3.7 

Neg, UGV-1, Neg Neg Neg Neg 

3.14 B.contrictor Juvenile 
(~4 Mo) 

 Trachea UGV-1, 250000 fffus + 
co-housing with 3.8 

Neg, UGV-1, UGV-1 Neg Neg Neg 
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Table 4. Antibody responses in experimentally as compared to naturally reptarenavirus infected 

boas. 

Animal Anti-
NP IgG  
(ELISA) 

Anti-
NP IgM  
(ELISA) 

Blood 
smear 
(0-3) 

UGV-1 
neut.  
titer 

UHV-1 
neut. 
titer 

ABV-
1 
neut. 
titer  

TSMV-2 
neut. 
titer 

S5-like 
neut. 
titer 

RT-PCR 

3.1 0-bleed 0,151 0,052 0 0 0 0 ND ND Neg 

3.1. final 0,201 0,058 0 0 0 0 ND ND Neg 

3.2 0-bleed 0,199 0,067 0 0 0 0 ND ND Neg 

3.2. final 0,109 0,026 0 0 0 0 ND ND Neg 

3.3. post. imm.  3,227 0,069 0 ND ND ND ND ND Neg 

3.3 final 3,311 0,109 0 250 150 75 ND ND UGV-1 

3.4. post. imm. 2,838 0,059 0 ND ND ND ND ND Neg 

3.4 final 3,092 0,109 0 150 100 75 ND ND UGV-1 

3.5. post. imm. 1,303 0,080 0 ND ND ND ND ND Neg 

3.5 final 1,901 0,045 0 500 500 200 ND ND UHV-1, ABV-1 

3.6. post. imm. 3,212 0,026 0 ND ND ND ND ND Neg 

3.6 final 3,103 0,041 0 200 400 50 ND ND Neg 

3.7 final 3,018 0,081 0 200 150 400 ND ND ABV-1 

3.8 final 3,177 0,066 0 400 0 800 ND ND ABV-1 

3.9 final 3,177 0,042 0 400 200 800 ND ND ABV-1 

3.10 final 2,910 0,039 0 400 200 50 ND ND ABV-1 

3.11 final 3,267 0,059 0 400 50 0 ND ND UGV-1 

3.12 final 3,319 0,060 0 400 400 400 ND ND UGV-1 

3.13 final 3,372 0,262 0 400 50 400 ND ND UGV-1 

3.14 final 3,370 0,049 0 400 1600 200 ND ND UGV-1 

Nat. inf. 1 3,042 0,061 0 200   0 6400 UGV, TSMV-2 

Nat. inf. 2 1,839 0,085 0 1000   50 3200 TSMV-2 

Nat. inf. 3 1,186 0,047 0 500   400 3400 S5, TSMV-2 

Nat. inf. 4 0,045 0,008 0 700   6400 6400 Neg 

Nat. inf. 5 0,150 0,089 2 90   100 800 UGV, S5, TSMV-2 

Nat. inf. 6 0,621 0,045 0 800   350 1600 S5 

Nat. inf. 7 0,222 0,116 2 450   50 350 UGV, S5 

Nat. inf. 8 1,914 0,026 0 750   400 3500 Neg 

Nat. inf. 9 0,161 0,021 1 400   300 1600 UGV, S5 

Nat. inf. 10 2,348 0,122 0 400   0 2200 S5 

Nat. inf. 11 2,270 0,257 0 600   800 750 Neg 

Nat. inf. 12 0,054 0,018 3 800   1700 2400 UGV, S5 

Nat. inf. 13 1,546 0,101 0 200   0 300 UGV, TSMV-2 

Nat. inf. 14 0,085 0,012 2 1700   50 1200 UGV, S5, TSMV-2 

Nat. inf. 15 1,828 0,262 1 1700   300 1200 UGV 

Nat. inf. 16 1,588 0,132 0 800   75 3700 UGV, S5, TSMV-2 

Nat. inf. 17 1,049 0,416 3 1600   0 6400 UGV, S5, TSMV-2 

Nat. inf. 18 0,699 0,015 1 300   250 6000 UGV, S5, TSMV-2 

Nat. inf. 19 0,217 0,017 0 250   250 2800 S5, TSMV-2 

Nat. inf. 20 0,034 0,060 0 200   200 300 S5, TSMV-2 

Nat. inf. 21 1,581 0,078 0 400   400 450 S5, TSMV-2 

Nat. inf. 22 0,020 0,045 1 400   250 1700 UGV, S5, TSMV-2 

Nat. inf. 23 1,813 0,054 0 200   200 1200 UGV, S5, TSMV-2 

Nat. inf. 24 0,983 0,706 1 75   100 1700 S5, TSMV-2 

Blood smear: 0-3 refers to the size of the IBs, 0=no inclusions and 3=large and/or numerous IBs. 
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