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"Alignment of the binding motif within mammalian PiT-1 genes supports this result as the binding sites within 

P. alecto and P. vampyrus PiT-1 share the permissive amino acid residues, which are distinct from the non

permissive motif within mouse PiT 1 {29) (Supplementary Figure 9 ). " 

Comment 8: Supplementary Figure 9 is not discussed anywhere in the text. It is suggested that it be removed 

or appropriately described in the text. 

Response: A mislabeled reference to this Supplementary Figure {which has since been renumbered) within the 

text of the Supplementary Methods section has been corrected, and on SI Page 9, Line 27 now reads: 

"SOS PAGE in the presence and absence of /Jmercaptoethanol revealed a single diffuse band with a molecular 

weight range of �so 90 kDa (Supplementary Figure 13}, consistent with the molecular weight predicted from 

the amino acid sequence {62,805 Oa} with 6 N-linked glycans r� 18 kDa)." 
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Response: As suggested by the reviewer, we have now provided individual phylogenies for the env, pol and

gag genes as Supplementary Figure 4. As can be seen, the tree topologies for env and pol genes are the same

as that for the complete viral genomes (Figure 2). A slightly different topology was observed in the gag gene

phylogeny, however, as all the relevant bootstrap values were very low (35%, 41%, 48%), a history of genomic 

recombination cannot be safely inferred since the difference in tree topology in the gag gene lacks

phylogenetic resolution. 

We have included the corresponding text within the Results section on Page 7, Line 22: 

"This finding is supported by phylogenetic analyses of the individual pol and env genes, which reveal the same 

( branching pattern {Supplementary Figure 4). While analysis of the gag gene resulted in a slightly different 

branching pattern, this is likely as a result of low phylogenetic resolution as indicated by low bootstrap support 

for key nodes on this tree (Supplementary Figure 4}." 

We have also updated the Supplementary methods section to include description of the phylogenetic analysis 

as follows on SI Page 5, Line 6: 

"To determine the evolutionary relationships among KoRV-related gammaretroviruses we performed 

phylogenetic analyses using aligned complete genome nucleotide sequences (Supplementary Table 2) and 

individual gene sequences. Accordingly, a multiple sequence alignment of 19 complete genomes was 

performed using a combination of MAFFT (8) and MUSCLE algorithms (9). Following alignment, regions of 

(_ ambiguous and uncertain alignment were removed using Gblocks {10). For the complete genomes, this

resulted in final alignment of 6,925 nt that was used to infer evolutionary relationships. Subsets of this 

alignment covering the gag, pol, and env gene regions were used for the individual gene analyses. Phylogenetic 

trees of these data were estimated using the maximum likelihood (ML) method available in the PhyML 

program {11}, assuming a GTR model of nucleotide substitution with a proportion of invariant sites {I) and a 

gamma distribution of among site rate variation ([). To determine the robustness of each node a bootstrap 

resampling analysis {1,000 replications) was performed using the same nucleotide substitution model. For the 

complete genome tree {Figure 2), a Shimodaira-Hasegawa {SH) test was also conducted, providing additional 

nodal support. The Mus caroli ERV, McERV (Supplementary Table 2), sequence was used as an outgroup to root 

the tree." 
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Comment 3: Page 8, serological analysis the negative control {HIV Env) rules out general background, but 

does not rule out cross reactivity with other gamma-type retroviruses or ERV expression. How specific is this 

assay? Since the claim is "HPG seropositivity", it should include Env proteins from a distant relative (GaLV, 

KoRV) and even a different gamma lineage a/together (e.g., MLV Env). The conclusion could then be "HPG­

seropositivity" or "KoRV-re/ated retrovirus seropositivity" depending either result fits the story being

described in the manuscript. But as is, it's not clear they can claim specificity for HPG.

Response: The reviewer has raised an important issue with regards to HPG-specific seropositivity across the 

tested bat samples. To address this issue we have undertaken a peptide binding analysis in a solid phase 

enzyme immunoassay to assess the· seroreactivity of bat samples against short peptide sequences from the 

VRA region of Env specific to HPG, KoRV-A, GALV, and the more distantly related MLV, in addition to the HPG 

Env trimer. The assay was validated using high titre immune serum raised to HPG Env in rabbits, which showed 

specific binding to HPG VRA peptide, but not KoRV A, GALV or MLV VRA peptides. The rabbit immune serum 

was also not reactive against an unrelated HCV peptide sequence encoding the antigenic region of 

glycoprotein E2 residues 409-422 (data not included in manuscript). Additionally, a macaque immune serum 

raised to MLV only showed reactivity to MLV VRA peptide. While we cannot exclude that antibodies that 

develop in bats infected with HPG can cross-react with peptides from Ko RV and GALV, the data strongly 

suggest that 32% of bats have been infected with HPG or other KoRV-related viruses. 

These new serology results have been included as Supplementary Figure 12 and supersede the luminex data 

within the Results section, which now reads as follows, on Page 9, Line 21: 

"To assess Australian bats for exposure to HPG or KoRV related viruses, we tested bat sera for the presence of 

antibodies reactive against the HPG Env protein. We also tested for the presence of HPG-specific nucleic acid in 

bat fecal samples. 

Bat sera {87 samples collected from 9 bat species) were screened for the presence of antibodies reactive to the 

HPG Env trimer ectodomain {Glu38 Ser6°3
} and a synthetic peptide of the HPG VRA region of Env in a solid phase

enzyme immunoassay. For sera reactive to HPG VRA, additional analysis was conducted against VRA peptides 

from KoRV-A, GALV and ecotropic MLV (Supplementary Figure 12}. 
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A rabbit immune serum raised to the HPG Env trimer was used as a positive control and to determine cross­

reactivity to KoRV, GALV and MLV peptides. The immune sera reacted strongly to HPG Env trimer and the HPG 

VRA peptide sequence but did not show reactivity to KoRV, GALV or MLV peptides. In addition, immune serum 

raised to MLV reacted to the MLV peptides sequence but not to HPG, KoRV or GALV VRA peptides sequences 

(Supplementary Figure 12). 

Of the 87 bat samples, 27 {31%} showed reactivity to the HPG Env trimer and of these 19 {22%} were reactive 

to the HPG VRA peptide [P. alecto (n = 17), P. conspicillatus (n = 1}, Rhino/opus megaphyllus (n = 1)). Of the 19  

HPG VRA positive sera, 8 showed additional reactivity to KoRV A and 4 were additionally reactive to both 

KoRV A and GAL V peptides. One serum, #20 P. a/ecto, was more strongly reactive towards the GALV VRA 

peptide than the HPG or KoRV A VRA peptide, or the HPG Env protein. Two samples, #7 P. alecto and #8 

( P. alecto, were reactive against the KoRV A and GALV VRA peptide, respectively, but were not reactive against 

the HPG VRA peptide. No bats demonstrated reactivity to MLV {Supplementary Figure 12). 

These results reveal that 32% of bat samples were seropositive to HPG or other KoRV re/ated protein 

sequences. Within the species P. alecto, 83% were seropositive to HPG and/or other KoRV related protein 

sequences, and 27% were only seropositive to HPG protein sequences." 

The methodology in the supplementary methods section SI Page 9, Line 41, "Serological assay for the presence 

of anti HPG antibodies in bats" now reads:

"Bat sera were screened for the presence of antibodies reactive to the HPG Env trimer and the VRA region of 

Env using synthetic peptides in a solid phase enzyme immunoassay. N terminal biotinylated synthetic peptide 

( 
encoding the HPG VRA region {LETWDIPDSDVSASTRVRPADSD, Genscript, USA} was added to Avidin coated

plates (Nunc, Maxisorb) at 5 µg/ml followed by the addition of serially diluted bat serum in PBS containing 2.5 

mg/ml bovine serum albumin and Tween 20 {0.05%). Following the addition of bat sera, plates were incubated 

overnight at 4 °C. Bound antibodies were detected with horseradish peroxidase labelled Protein A/G {Thermo 

Scientific, Rockford) followed by 3,3',5,5'-Tetramethylbenzidine {TMB} substrate {Sigma, USA}. Antibody titers 

were calculated from curves fitted with the Hill slope equation and interpolation to achieve 5x background 

absorbance (Prism v8.3.1}. In the absence of a bat serum verified as seronegative for gammaretroviral 

infection, conservative titer thresholds were used for the delineation of positive seroreactivity. For the -VRA 

peptides a seropositive titer of d? 280 was selected, and for HPG Env a seropositive titer of d? 50 was selected. 

Sera that displayed above 5x background levels of binding to HPG VRA were further screened for reactivity to 
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analysis alone is not the most efficient approach to measuring% infection and/or providing 100% confidence 

of finding (or not finding) viral particles in a test or control sample. For this reason, as described in the 

Supplementary Methods sections "Transfection of 293T cells for generation of HPG & M-MLV viral particles" 

and "Electron Microscopy and viral particle morphology", we complimented our EM analysis with a virion­

associated reverse transcriptase activity (RT) assay on supernatant from each of the cell suspension samples 

that was to be analyzed by electron microscopy. A positive reading was obtained for MLV and HPG but not for 

the negative controls (cells- with no transfection and the empty plasmid) indicating virus budding and activity 

in the test samples only. In sample blocks containing MLV 293T cells and HPG 293T cells, viral particles were 

readily observed budding from the cell membrane or in inclusion bodies within the cells, indicating a relative 

abundance of virus in the cells. For the negative controls, which were untransfected 293T cells and 293T cells 

( mock transfected with the pcDNA3.l plasmid, no virus was observed in cells following extensive examination

across numerous fields of view, multiple sections and on two separate grids. Furthermore, cell morphology 

and ultrastructure of control samples was consistent with healthy cells in tissue culture. In contrast, cells in 

the population that had transfected with MLV and HPG showed morphological indictors of infection such as 

fragmented cell and organelle membranes, extracellular debris (membrane) and in some instances, 

cytoplasmic or nuclear condensation. Together these data increase our confidence that control samples were 

truly negative for virus, whilst the MLV 293T cells and HPG 293T cells did contain replicating virus particles. 

We have included the quality control data from the virion-associated RT assay alongside the EM negative 

controls in Supplementary Figure 5 as panel D. The legend for this figure now includes: 

"DJ The graph displays the result of a virion-associated RT assay, supporting the result that cells transfected with pro viral 

Moloney murine leukemia virus (M-ML VJ and Hervey pteropid gammaretrovirus (HPGJ expression plasmids generate 

retroviral particles in contrast to untransfected and mock pcDNA3.1 transfected cells. Error bars represent the standard 

deviation of n  2 technical replicates" 

We appreciate the reviewer's suggestion that we make appropriate mention of the negative EM controls in 

the main text and have modified our reference to these data in the results section Page 7, Line 35, which now 

reads: 
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"Transfection of human 293T cells with a plasmid construct carrying the HPG provirus resulted in the 

generation and release of viral particles morphologically similar to ecotropic Moloney murine leukemia virus 

{M MLV), as determined by electron microscopy {Figure 3). In contrast, no virus was observed in un-transfected 

293T cells and mock control 293T cells that were transfected with pcDNA3.1 (Supplementary Figure 5). These 

data are supported by virion associated reverse transcriptase analysis of each sample analyzed in concert with 

electron microscopy analysis (Supplementary Figure 5)." 

The following sentence has been appended to the end of the legend of Figure 3 on Page 22: 

"Negative controls were untransfected cells and cells mock transfected with the empty vector pcDNA3.1. These 

controls were not observed to contain or produce viral particles {Supplementary Figure 5)." 

Comment 6: Page 20, figure 4: the HPG result is distinctive the MLV infection results in the expected plateau 

consistent with ongoing replication, whereas HPG replication peaks and drops quickly to background. This 

raises the possibility that the data don't represent ongoing replication cycles, but rather a burst of production 

from initially infected cells. Another possibility is that the HPG retrovirus is replicating, but is toxic to cells, 

similar to lentivirus replication in cell culture. An experiment to examine these possibilities and to definitively 

establish successive rounds of replication is important (e.g., passaging filtered supe to a second plate/flask 

followed by RT assay, or replication with and without inhibiting RT, etc). 

Response: To address this possibility, and as suggested by the reviewer, we conducted a 'secondary infection 

assay', in which we established successive rounds of replication, and is included as Supplementary Figure 8. In 

brief, 293T cells were transfected with the HPG proviral plasmid; cell culture supernatant was later harvested 

and clarified. This clarified supernatant was used to establish a primary infection in 293T cells in the same 

manner as our original infectivity assay. We then collected the clarified supernatant of these cells and 

repeated the process, and successfully established a secondary infection in 293T cells, as determined by a 

virion associated PERT assay. The data from this experiment confirms that successive rounds of replication can 

be established by HPG in 293T cells. In contrast to our original experiments we used a PERT assay (RT qPCR) to 

confirm the presence of HPG for these new experiments, as we have ceased using the radiolabeled virion­

associated reverse transcriptase assay due to increased and prohibitive costs of radiolabeled nucleotides in 

our region. 
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We have added this analysis to the Results section, Page 8, Line 16: 

"HPG was confirmed to be capable of establishing successive rounds of replication through a secondary 

infection assay (Supplementary Figure 8}" 

The methodology for this assay has been added to the Supplementary Methods as "Secondary infection assay'' 

SI Page 7, Line 26, and reads: 

"To confirm that HPG was capable of establishing successive rounds of infection, the HPG provirus was 

( transfected into 293T cell culture as described in "Transfection of 293T cells for generation of HPG & M-MLV

viral particles". To establish a primary infection from HPG virions, 293T cells were infected as described in 
11Replication kinetics assay". To establish a secondary infection, clarified supernatant containing HPG viral 

particles generated from the primary infection was collected and used to establish a second infection in 293T 

cells as described in 11Replication kinetics assay". 5 µL samples were collected at inoculation, 6 h following 

inoculation and washing (t = O), and at 48 h following washing (t = 48). Collected samples were analyzed for 

the presence of virion-associated reverse transcriptase activity by PERT assay, as described in 11Generation of 

Helo cells persistently infected with HPG". Values derived from the PERT assay represent arbitrary units of RT 

activity in comparison to a dilution series (10-fold dilution series down to 1.0xl0 7) of HPG virions which were

generated in-house, as described in 1Transfection of 293T cells for generation of HPG & M-MLV viral particles." 

( Other comments

Comment 7: The manuscript proposes that HPG uses the same receptor as KoRV-A and GaLV, and even

includes a supplemental figure depicting the conserved binding site motif in PiT-1 of the relevant host species. 

This is presented as part of the argument in referring to this as a "Ko RV related retrovirus", as in the title of 

the manuscript and elsewhere in the text. Given how easy it is to do, why not formally prove this? It should be 

straightforward, and there is plenty of precedent in the literature - either by adding PiT-1 expression to null 

cells (such as the NIH3T3 cells used in figure 5), or by means of a standard superinfection cross-interference 

assay. Either experiment can be done with existing reagents in a relatively short period, and would strengthen 

the manuscript. 
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Response: We thank the reviewer for this suggestion and have undertaken a superinfection interference 

assay, included as an additional panel (B) in Figure 5. Briefly, in this experiment we generated persistently 

HPG infected Hela cells (Supplementary Figure 11), t�en challenged these cells with infection by Envelope­

pseudotyped reporter retroviruses representing HPG, KoRV-A, GALV, Amphotropic MLV, Dualtropic MLV, and 

the vesicular stomatitis virus (VSV). Compared against uninfected Hela cells, HPG-infected Hela cells were 

strongly resistant to superinfection from HPG, KoRV-A, and GALV Env pseudotyped viral particles; they were 

moderately resistant to infection by amphotropic and dualtropic MLV (which respectively use the PiT 2 and 

PiT-1 & PiT-2 cell receptors [Feldman, 2004, J. Virol. 78:2; Miller, 1996, J. Viral. 70:8]) Env pseudotyped 

particles; almost no impact was observed on susceptibility to infection by VSV. The ecotropic MLV used in our 

infection kinetics assay was not utilized in this assay as it is incapable of infecting human c.ells. These results 

suggest that HPG utilizes the PiT-1 and PiT-2 receptors for cell entry. 

We have added the following description of this analysis to the Results section, Page 9, Line 6: 

/{To further investigate receptor usage by HPG, we performed a superinfection interference assay (Figure 58). 

In this assay, human HeLa cells persistently infected with HPG (Supplementary Figure 11) became strongly 

resistant to superinfection with a reporter virus pseudotyped with the envelope proteins of KoRV-A, GAL V, or 

HPG (97.8 - 98. 6% reduction in infectivity). Infections with viral particles pseudotyped with duo/tropic or 

amphotropic MLV Env were also moderately inhibited (34.5% and 47.1% reduction in infectivity, respectively). 

Dua/tropic ML V uses both PiT-1 & Pit-2 (SLC20A2} cell receptors (36), while amphotropic ML V exclusively uses 

PiT-2 (37). In contrast, superinfection by particles pseudotyped with the unrelated vesicular stomatitis virus 

(VSV} envelope G-protein was not restricted. These data are consistent with HPG utilizing the PiT-1 and possibly 

the PiT-2 receptors for cell entry. Taken together, these results indicate that HPG may share a similar host 

range as KoRV-A and GAL V, with the caveat that the specific determinants of receptor usage and cell tropism 

for PiT-1 and PiT-2 are complex (30, 31, 38), and further investigation will be required to more accurately 

delineate the host range and cell tropism of HPG." 

Given that this analysis revealed inhibition of superinfection by amphotropic and dualtropic MLV, both of 

which utilize the PiT-2 receptor, we have included these viruses in an updated receptor binding domain 

alignment (Supplementary Figure 10). This analysis revealed that as with HPG, amphotropic and dualtropic 

MLV also contained a significant insertion in the VRB domain relative to KoRV, GALV, and ecotropic MLV. 
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We have updated our description of the results of the RBD alignment to read as follows, Page 8, Line 33: 

"An alignment of the receptor binding domain (RBD) {32} within the Env sequence of HPG against other KoRV

re/ated viruses reveals numerous differences in the variable regions (VRA and VRB) within the RBD 

(Supplementary Figure 10). Within this region, the pathologically important CETTG motif (33}, that is conserved 

in all other bat KoRV-related viruses, contains a threonine to serine mutation in HPG, resulting in a CETSG 

motif. HPG is more similar to GALV than to KoRV across both the VRA and VRB, where the RBD amino acid 

identities for HPG compared to GALV and KoRV are 66% and 62%, respectively. However, all of the KoRV

related bat gammaretroviruses analyzed contain a large insertion within the VRB of 10 and 16 amino acids, 

( respectively relative to GALV and KoRV. Amphotropic and duo/tropic MLV similarly contain a large insertion 

within the VRB relative to KoRV, GAL V, and ecotropic ML V. The VRB region of amphotropic MLV is essential for 

interaction with the PiT-2 cell receptor (59), and the large insertion within the VRB of HPG may be involved in 

its possible use of the PiT-2 receptor, demonstrated by the superinfection assay." 

The following paragraph has been added to the discussion section, Page 13, Line 9: 

"Infection of cells with a retrovirus can restrict the subsequent superinfection by viruses that use the same 

receptor by various mechanisms including downregulation of the receptor, and blocking the binding site on the 

cell receptor, preventing penetration or adsorption of the virus (54, 55). This method has been used to 

demonstrate the shared use of the PiT-1 receptor between KoRV-A and GALV (56). We undertook a 

superinfection interference assay which demonstrated that infection with HPG restricts superinfection by a 

reporter virus pseudotyped with the envelope protein of KoRV-A, GALV, amphotropic MLV, and duo/tropic MLV. 

KoRV-A and GALV utilize the PiT-1 receptor (19, 27, 28}, while amphotropic MLV utilizes PiT-2 (57), and 

duo/tropic MLV utilizes both PiT-1 and PiT-2 (36). These results are consistent with HPG utilizing the PiT-1 

receptor and possibly the PiT-2 receptor for cell entry." 

The following section has been added to the Supplementary Methods , SI Page 6, Line 12, as "Generation of 

Hela cells persistently infected with HPG": 
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"HPG virion-containing supernatants were generated as previously described in, "Transfection of 293T cells for 

generation of HPG & M-MLV viral particles", and used to infect Helo cells. Cells were seeded at a density of 

7x10
5 cells per T25 tissue culture flask {BO Biosciences, Bedford MA}. Once cells reached 50% confluency, 

media was replaced with a mix of 4 ml DMEM, 1 ml HPG virion-containing supernatant and DEAE-Dextran 

{Sigma-Aldrich) at a final concentration of 10 µg/ml. Cells were incubated for 16 h at which point the 

supernatant was removed, cells were washed twice in PBS and 5 ml of fresh DMEM was added. At 48 hours 

post infection, cells were passaged at a concentration of 1:5 into a new T25 flask. Cells were routinely 

passaged 1:5 twice weekly for three weeks and supernatants were tested for the presence of virion-associated 

RT activity by a product-enhanced reverse transcriptase {PERT} Assay, as previously described {13), except 

using a PrecisionPLUS qPCR SYBR Master Mix (Primer Design, Chandler's Ford, UK) and analysed on a 

QuantStudio 7 Flex Real-Time PCR machine (Thermo Fischer Scientific)." 

Comment 8: Page 32, line 21 supplemental methods refers to "Supp Figure 8" but probably i? supposed to 

refer to Supp Figure 9. 

Response: We thank the reviewer for noticing this. All of the supplementary figure labels have been updated 

in the revised manuscript. 

Comment 9: Page 43, Supp figure 9 legend could use some additional info Are there control lanes (non­

transfected or mock transfected) in the image? If so, are the controls the basis for establishing that the 

indicated bands are HPG Env? The lanes should be labeled or mentioned in the legend. Alternatively, If there 

are no control lanes, how can the authors claim that this isn't an unfortunate background band? 

Response: We thank the reviewer for picking this up. The lane preceding HPG in both the reducing and non­

r.educing conditions is a control lane containing expressed supernatant before binding/column purification of 

the polyhistidine tagged (His6 tag) HPG Env ectodomain protein. We have modified the figure and legend 

(Supplementary Figure 13) to include this information on SI Page 25. 

********************* 
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 The main problem of this short manuscript is its descriptive nature. The isolate is not used beyond passaging 

attempts on Vero cells which failed for unknown reasons. There is little to be learned from the genomic sequence 

per se. I suggest to enhance the biological significance of this study by passaging the isolate on several cell lines 

derived from bats and other animals. The repetitive reference to zoonotic pararubulaviruses is not necessary and 

likely overclaiming the true zoonotic potential of those viruses. Only Sosuga virus is known to have infected at least 

one individual and for Menangle virus there is indirect serologic evidence suggestive of human infection. This should 

be put in context throughout the manuscript. 

Reviewer 2: This manuscript describes the detection and characterization of a so far unknown pararubulavirus in 

Straw colored fruit bats in Ghana. In general, the manuscript does lack clarity in some points in the Materials & 

Methods and Results sections, it should be carefully revised. 

Abstract 

The sentence lines 38-41 seems incomplete, please revise. 

Introduction 

The first paragraph (II 49 59) is strongly focused on high impact zoonotic viruses such as coronaviruses, filoviruses 

and paramyxoviruses, but it needs to also be mentioned that bats can harbour a broad variety of other viruses of 

varying pathogenicity. 

I 73: reference 11 is not the correct reference, it also is the same as reference 9, please correct. 

Materials & Methods, Results 

Since this virus could only be propagated and identified after a subpassage, and even then could not be amplified 

from the original sample, the authors should critically discuss the possibility of a laboratory.contamination. Also, the

possibility of this virus originating from a different sample that U72 should be discussed. 

Discussion 

I 240-242: the close relation to other zoonotic viruses does not necessarily imply that this virus also has a zoonotic 

potential. This should be worded more carefully. 

In compliance with data protection regulations, you may request that we remove your personal registration details at any time. 

(Remove my information/details). Please contact the publication office if you have any questions. 
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