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Foreword 
Since the introduction of management changes to control parasitic diseases, the farmed crocodile 
industry has remained relatively free of diseases capable of causing high levels of losses in well 
managed operations. Despite these improvements, a condition of ‘runtism’, where a proportion of 
hatchling crocodiles fail to grow, remains a source of loss to the industry. Also, in June 2006, a 
syndrome of eye and throat infection (‘conjunctivitis/pharyngitis syndrome’) simultaneously emerged 
on two farms in the Northern Territory, causing death in up to 96% of hatchling/juvenile crocodiles. 
Both these issues were addressed through previous RIRDC projects NAP05-16 and PRJ-000301. Both 
projects found evidence that viral infections could be contributing to these conditions. This could not 
be confirmed due to the lack of a suitable system for isolating viruses from crocodiles. The objective 
of this project was to develop cell lines suitable for the isolation of viruses from crocodiles, and 
methods to maintain and cryopreserve these cell lines. The cell lines would then be used to study the 
viral fauna of farmed and wild C. porosus in the Northern Territory. A second component of the 
project, conducted at the University of Sydney, was to characterise endogenous retroviruses (ERVs) in 
C. porosus and assess their level of expression, particularly in runts. 

Development of the crocodile cell lines has enabled the first major investigation of viral diseases in 
crocodiles in Australia, and has improved diagnostic and research capability in crocodile diseases. 

Twenty different crocodile cell lines have been maintained and used in virus isolation trials. Isolation 
of viruses from diseased crocodiles has been very successful, with herpesviruses isolated from three 
different disease syndromes, and adenoviruses from a fourth syndrome. Serology has demonstrated the 
presence of at least one herpesvirus in wild populations, and that exposure on farms is common. 
Definitive experimental work to confirm the role of these viruses in the disease syndromes has not 
been attempted, however, experience in other species suggests they do pose a risk to farmed 
crocodiles. PCR based screening of crocodiles from across the Northern Territory for ERVs has 
identified 18 DNA sequences as being potentially functional. This suggests that functional and 
replication competent ERVs are present in the saltwater crocodile. 

Further work is required to determine the significance of these viruses in farmed crocodiles and to 
develop specific control measures. In the absence of this information, good farm management is 
essential for prevention and control. Measures should be implemented to prevent exposure of young 
crocodiles to older animals and farm biosecurity plans enforced.  The development of disease 
following exposure to these viruses should be minimized by reducing stress on the animals. 

This project was funded from RIRDC Core Funds which are provided by the Australian Government. 

This report is an addition to RIRDC’s diverse range of over 2000 research publications and it forms 
part of our New Animal Products R&D program, which aims to accelerate the development of viable 
new animals industries.  

Most of RIRDC’s publications are available for viewing, free downloading or purchasing online at 
www.rirdc.gov.au. Purchases can also be made by phoning 1300 634 313. 

 

Craig Burns 
Managing Director 
Rural Industries Research and Development Corporation 

http://www.rirdc.gov.au/
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Executive Summary 
What the report is about 

Previous RIRDC projects investigating runtism and Chlamydial infections in crocodiles found 
evidence that viral infections could be contributing to these conditions. This could not be confirmed 
due to the lack of a suitable system for isolating viruses from crocodiles. This report describes the 
development of primary cell lines from crocodiles and the use of these to isolate viruses from diseased 
crocodiles. Isolated viruses were then used to develop serological tests for epidemiological studies. 
This component of the project was conducted at Berrimah Veterinary Laboratory (BVL).  

This report also describes the second component of the project, investigating endogenous retroviruses 
(ERVs), conducted at the Faculty of Veterinary Science, University of Sydney. The data generated by 
this project supported the notion that ERVs are present throughout the crocodile genome in many 
copies of both ancient and recent ERVs. 

Who is the report targeted at? 

The report is targeted at crocodile farm managers and advisors, animal health professionals, 
researchers involved in both laboratory and field aspects of crocodiles and other reptiles and other 
researchers with a general interest in virology. 

Where are the relevant industries located in Australia? 
  
Crocodile farms are located across northern Australia where crocodiles naturally occur. There are 14 
farms in total with six in Queensland, five in the Northern Territory and three in Western Australia 
(Foster, 2009), although the core business of some of these farms is tourism. The industry is built on 
supplying raw, salted belly skins to export markets, predominantly France, for tanning and production 
into luxury fashion items with crocodile meat an important by-product. Foster (2009) reported that in 
2006-2007, 15,565 crocodile skins were exported for a combined value of AU$8.79 million. 
Production has presumably increased since this publication but no official figures have been released.  
Disease management is still in its infancy on crocodile farms. Many of the deaths on crocodile farms 
are bacterial septicaemias presumably caused by stress-induced immunosuppression. Whilst the 
industry is working on methods to reduce stress to prohibit mortalities, other diseases have occurred 
sporadically with no bacteriological findings. The development of the crocodile cell lines reported 
herein provides producers with the fundamental tools to be able to identify viruses potentially 
contributing to crocodile deaths. The number of viruses that have been identified using these cell lines 
is strongly suggestive that viruses do have a role in crocodile mortalities.  
 
Background 

This project was developed in response to findings from RIRDC projects NAP05-16 and PRJ-000301.  
One objective of project NAP05-16 was to conduct a histopathology study to determine if there were 
any gross histological differences or pathological reasons for runting. No evidence was found to 
suggest that bacterial or fungal infections were causing runtism. However, lymphoid atrophy in several 
tissues (particularly the thymus and tonsils) as a secondary effect of viral infection could not be 
eliminated. Project PRJ-00301 investigated the epidemiology of Chlamydia in farmed crocodiles. This 
project found that not all clinical eye or throat disease could be associated with chlamydial infection 
and suggested other agents, particularly viruses, could be involved. Viruses were not well 
characterised in crocodilians because, until recently, no crocodile cell lines had been established and 
crocodilian viruses would not grow on other established cell lines. Development of crocodile-specific 
cell lines would allow the isolation and characterisation of crocodilian viruses as well as allow antigen 
preparation for serological testing and the possible manufacture of specific vaccines. 
Furthermore, the characterisation of ERVs could also provide evidence of infectious agents that have 
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been associated with disease, pathogenesis, immune system suppression and associated disorders in 
other species. Endogenous retroviruses are copies (or remnants) of exogenous retroviruses that have 
integrated into a host cell genome at some stage. The present study aimed to characterise ERVs and 
assess their levels of expression, particularly in runts. ERV characterisation is important in the context 
of aetiology and zoonosis of animal diseases. ERV characterisation could also allow potentially novel 
functional and non-functional retroelements to be identified, whilst gene expression would establish 
which ERVs were functional and potentially transmissible. This information could allow associations 
to be drawn regarding the possible role of crocodile ERVs in causing runtism and other diseases. 
 
Aims/objectives 

The project was conducted at two locations – BVL and the University of Sydney. 

At BVL the main objectives were to establish conditions for the reliable production of primary cell 
lines from C. porosus and methods to maintain and cryopreserve these cell lines. The cell lines would 
then be used to study the viral fauna of farmed and wild C. porosus in the Northern Territory. This 
study would be conducted by isolating viruses from diseased crocodiles and developing appropriate 
serological tests using these viruses. Serology would then be used in more general surveys to describe 
the epidemiology of these viruses. 

At the University of Sydney, ERVs would be studied using a molecular based approach to investigate 
the ERV fauna of farmed and wild C. porosus. 

The outcomes of this project should benefit the whole crocodile farming industry by identifying 
potential disease agents that could be controlled by appropriate management strategies. In the longer 
term, and outside the scope of this project, there is potential for further work to define the pathogenesis 
of these agents and ultimately vaccine development.  

Methods used  

Tissue samples for cell line development were taken from hatchling crocodiles less than 24 hours old. 
Extracted tissue was treated with a combination of physical cell dispersion and trypsinisation. The 
dispersed cell preparation was cultured in media to achieve optimal cell growth and either passaged for 
further characterisation or cryopreserved. The growth characteristics of the resultant cell lines were 
assessed in terms of longevity of cell growth/passage level, cell production per passage level, plating 
efficiency and morphological stability using standard published procedures.  

Several techniques were used to study the viral fauna of farmed and wild crocodiles in the Northern 
Territory. Primary cell lines were used to screen for viruses in diagnostic submissions. Disease 
syndromes were identified and viruses isolated from these characterised using EM and polymerase 
chain reaction (PCR). A serological test was developed for one of these viruses and used to screen 
blood samples from farmed and wild crocodiles to establish prevalence of this virus in these 
populations. A group of sentinel crocodiles was used for regular blood sampling to investigate 
arboviral infections.  

Characterization of the diversity of ERVs within the saltwater crocodile was carried out using PCR 
based screening using available genetic resources from the species. Universal primers targeting the 
protease-reverse transcriptase (pro-pol) region and a combination of specific and degenerate primers 
for other ERV gene regions were used. DNA fragments isolated in this manner were sequenced to 
assess their diversity and potential functionality. Phylogenetic analyses of these sequences were 
carried out to determine the relationships between these sequences.  Additional phylogenetic analyses 
were performed to assess the clustering of the crocodile sequences with other published ERV 
sequences. To characterise full-length pro-viral ERVs, PCR based search methods were combined 
with genome screening approaches. The saltwater crocodile genome was screened using the fragments 
identified above in order to obtain the genomic regions containing ERV insertions. 
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Results/key findings 

Forty primary cell lines were developed from C. porosus and 20 of these have been maintained and 
used for virus isolation from diseased crocodiles. 133 different viruses were isolated to December 
2011. Characterisation by EM and PCR has shown herpesviruses isolated from three different disease 
syndromes and adenoviruses from a fourth syndrome. Different patterns of virus isolation and serology 
suggest at least two different herpesviruses are involved. Definitive experimental work to confirm the 
role of these viruses in the disease syndromes has not been attempted, however experience in other 
species suggests they do pose a risk to farmed crocodiles. Serology has demonstrated that at least one 
of the herpesviruses is present in wild populations of crocodiles and that exposure on farms is 
common. 

The cell lines have been provided to other research and diagnostic institutes and provide a valuable 
addition to diagnosis and research in crocodile diseases. 

PCR based screening of crocodiles from across the Northern Territory has identified 176 novel ERV 
pro-pol DNA sequences. Of these, 18 DNA sequences have been identified as being potentially 
functional. Sequences obtained in this part of the study appear to belong to at least 5 distinct 
evolutionary groups. Phylogenetic comparisons between these sequences and other published retro-
elements have confirmed the presence of at least three distinct ERV genera in the saltwater crocodile. 
The majority of sequences obtained belong to two previously described ERV divergent clades in the 
saltwater crocodile, belonging to the gamma- and spumaretroviral genera. Sequences clustering with 
the epsilonretroviruses were also identified. Screening of the saltwater crocodile genome with these 
sequences has identified many thousands of ERV copies and insertion sites within the genome of a 
single individual. Further analysis of these data is currently underway to assess the completeness of 
some of these fragments and their potential functionality. 

Implications for relevant stakeholders 

This is the first major study of viruses in farmed and wild crocodiles and has confirmed that viruses 
are commonly present in diseased farmed crocodiles and carried by wild crocodiles. Four different 
disease syndromes from which viruses were isolated have been described. These are likely to be 
associated with significant losses in farmed crocodiles and farm managers need to be aware of their 
potential impact. Until further work can be carried out to study the pathogenesis of these infections, 
control measures must concentrate on management practices and farm biosecurity. 

There is ample opportunity for future research projects provided funding can be obtained. The viruses 
and cell lines can be provided to institutions interested and able to pursue further research in this field. 

The presence of potentially functional ERVs suggests that functional and replication competent ERVs 
are present in the saltwater crocodile. The majority of ERVs present belong to two major clades of 
ERVs. Novel sequences that appear to be related to other retroviral genera have also been isolated, 
suggesting that there have been many incidences of retroviral replication during the evolutionary 
history of the saltwater crocodile. Screening of the whole saltwater crocodile genome supports these 
findings and may be used to provide an idea of the extent of ERV integration as well as to isolate full 
length ERV proviruses and their integration sites. This research is an important step in understanding 
the effects of ERV integration on the saltwater crocodile. Preliminary analyses of the available 
libraries of expressed genes confirm that some ERVs are potentially functional. However, more 
research is required to characterise the ERV complement of the saltwater crocodile genome and 
establish any correlation between ERVs and disease in the saltwater crocodile. 
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Recommendations 

Further work is required to determine the significance of these viruses in farmed crocodiles and to 
develop specific control measures. In the absence of this information, good farm management is 
essential for prevention and control. Measures should be implemented to prevent exposure of young 
crocodiles to older animals and farm biosecurity plans enforced. The introduction of wild caught 
crocodiles to farms poses a significant risk of introduction of new disease agents and these animals 
should be subjected to on going quarantine and stringent biosecurity. 
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Introduction    
Since the introduction of management changes to control parasitic diseases the farmed crocodile 
industry has remained relatively free of diseases capable of causing high levels of losses in well 
managed operations. Despite these improvements, a condition of ‘runtism’, where a proportion of 
hatchling crocodiles fail to grow, remains a source of loss to the industry. This problem was addressed 
through a RIRDC funded project NAP05-16. One objective of project NAP05-16 was to conduct a 
histopathology study to determine if there were any gross histological differences or pathological 
reasons for runting. No evidence was found to suggest that bacterial or fungal infections were causing 
runtism. However, lymphoid atrophy in several tissues (particularly the thymus and tonsils) suggested 
viral infection could be involved.  

In addition to the runting problem, in June 2006, a syndrome of eye and throat infection 
(‘conjunctivitis/pharyngitis syndrome’) simultaneously emerged on two farms in the Northern 
Territory, causing death in up to 96% of hatchling/juvenile crocodiles. This syndrome was initially 
attributed to infection with Chlamydia sp. bacteria based on the finding of the organism in affected 
tissue. A subsequent RIRDC funded project PRJ-000301 investigating the epidemiology of Chlamydia 
in farmed crocodiles showed a significant number of crocodiles, both hatchlings and grower animals, 
with moderate conjunctivitis or pharyngitis, tested negative for chlamydia. The lack of correlation of 
chlamydia infection with mild to moderate ocular or pharyngeal lesions suggested other agents, 
particularly viruses, could be involved in the development of these lesions. 

Viruses are not well characterised in crocodilians because, until recently, no crocodile cell lines had 
been established and crocodilian viruses would not grow on other established cell lines 
(Huchzermeyer 2003). All other agricultural industries have identified particular viruses of economic 
concern and it is probable there are potential viruses affecting the viability of the crocodile industry. 
Development of crocodile-specific cell lines would allow the isolation and characterisation of 
crocodilian viruses as well as allow antigen preparation for serological testing and the possible 
manufacture of specific vaccines. This component of the project was carried out at Berrimah 
Veterinary Laboratory (BVL). 

The second component of the project, investigating endogenous retroviruses, involved the University 
of Sydney. Retroviruses (family Retroviridae) comprise a large and diverse family of enveloped RNA 
viruses, characterised by a unique replication strategy, requiring a DNA intermediate for viral 
replication (Bishop, 1978). Retroviral replication involves the translation of the viral RNA into DNA 
by reverse transcriptase, followed by integration into the host genome. This pro-viral DNA acts as a 
template for the production of the viral RNA genome and proteins associated with virion packaging 
and dispersal (Bishop, 1978). The basic retroviral genome consists of three coding gene regions – the 
group specific antigens (gag), the protease-reverse transcriptase region (pro-pol), and the envelope 
(env) genes; and 5’ and 3’ untranslated long tandem repeat (LTR) regions that are created during 
retroviral integration, and are important for transcription (Coffin et al., 1997). The pro-pol gene region 
is considered the most highly conserved region of the retroviral genome due to the essential nature of 
the enzymes it encodes (Xiong and Eickbush, 1990, Gifford and Tristem, 2003). For this reason, it is 
the focus of most studies into retroviral sequence diversity using traditional molecular methods and 
such alignments have formed the basis of many retroviral phylogenies (Martin et al., 1997, Herniou et 
al., 1998, Martin et al., 1999, Gifford et al., 2005, Xiao et al., 2008). 

Retroviruses become ‘endogenised’ when they integrate into germline cells, allowing them to be 
passed on to subsequent generations (Gifford and Tristem, 2003). Retroviruses that have integrated in 
this manner will still remain replicatively competent until they are inactivated by mutation or 
recombination (Tristem, 2000). This manner of replication results in many lineages of related 
retroviruses that can replicate and mutate independently of each other (Tristem, 2000). In relatively 
recent integration events, it would therefore be expected that these proviral sequences would still share 
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high levels of similarity. Retroviral variation is further increased by the low fidelity of the retroviral 
reverse transcriptase (Temin, 1989).  

These ERVs are thought to be ubiquitous in the genomes of most, if not all, vertebrate species and 
may be in the form of recently ‘endogenised’ exogenous viruses, or remnants of ancestral 
retroelements (Lower et al., 1996). There are seven recognised genera within retroviridae. These are 
the alpha-, beta-, gamma-, delta-, epsilon-, lenti- and spumaretroviruses. ERV lineages have been 
identified from all genera except for delta-retroviruses (Jern and Coffin, 2008).  

The Order Crocodylia consists of 23 extant species, falling into two recognised families: the 
Crocodylidae (crocodiles and gharials), and Alligatoridae (alligators and caimans). While there is 
some debate over the correct use of the term ‘crocodilians’ when referring to these taxa, for the 
purpose of this report, it will be used to refer to the order Crocodylia. The saltwater crocodile 
(Crocodylus porosus) is the only commercially farmed crocodilian species in Australia. It has been 
suggested that ERVs may be playing a role in the high incidence of runtism seen in farmed hatchlings 
(Isberg et al., 2009). Previous research has identified two clades of ERVs in crocodilians. One of these 
groups, CERV1, falls within the Gamma retrovirus related ERVs while the other (CERV2) forms a 
separate cluster distinct from other ERVs (Jaratlerdsiri et al., 2009). Despite this, very little is known 
about the diversity or abundance of ERVs within the genomes of species of Crocodylia. This 
knowledge may provide a foundation to understand the genesis of diseases such as runtism, which will 
increase the profitability of crocodile farming.  
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Objectives    
The main objective of this project was to develop primary cell lines from crocodile tissues which 
would be suitable for isolation of viruses from crocodiles. These cell lines could then be used to 
investigate the possible role of viruses in disease syndromes and could also be supplied to other 
diagnostic and research laboratories to improve virology capability. Viruses isolated during the project 
would be characterised and where possible serological tests developed to further improve diagnosis 
and knowledge of the epidemiology of suspected disease agents. In cooperation with the University of 
Sydney, ERVs would also be studied using a molecular based approach.  

The specific aims of the project were: 

1. Define the best conditions for reliably producing primary cell lines from C. porosus. 

2. Develop methods for the maintenance and cryopreservation of primary C. porosus cell lines. 

3. Investigate the viral fauna of farmed and wild C. porosus in the Northern Territory. 

4. Determine the feasibility and need for the development of continuous cell lines from primary 
C. porosus cell lines. 

5. Characterise endogenous retroviruses and assess their level of expression, particularly in runts. 
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Methodology 
Cell line development     
Tissue samples for cell line development were taken from hatchling crocodiles less than 24 hours old.  
Hatchlings that were culled from commercial operations for developmental abnormalities (figure 2) 
were euthanased and provided for tissue collection. Individual tissues were removed using aseptic 
techniques. The tissue was placed in M199 tissue culture medium supplemented with 15% foetal 
bovine serum, Penicillin G, Streptomycin sulfate and Amphotericin B.  After incubation in the 
antibiotic/antimycotic supplemented medium for 2 hours at room temperature, the tissue was removed 
and finely minced to a paste with scalpel blades.  The tissue paste was then placed in 2 mL of M199 
tissue culture medium without foetal bovine serum, 2 mL of 0.12% trypsin solution was then added 
and incubated with stirring for 10 minutes.  

Following incubation, the trypsin/tissue suspension was vigorously re-suspended by adding 10 mL of   
M199 tissue culture medium supplemented with 15% foetal bovine serum, 20 ng/mL epidermal 
growth factor plus Penicillin G, Streptomycin sulfate and Amphotericin B. The cell suspension was 
then strained through a fine metal mesh and dispensed into 25 cm2 flasks.  The flasks were then 
incubated at 20-300C. 

After 24 hours incubation, the medium was gently removed and replaced with fresh complete medium. 

The flasks were examined by microscopy every 2 days. When cell monolayers developed to reach 50-
70% confluency, the cell monolayers were removed using standard tissue culture techniques of 
trypsinisation and passage to new flasks.  Until at least the 5th passage complete medium described 
above was used, after that the epidermal growth factor was removed from the medium. 

 

Figure 1: Removal of embryo for cell line development 
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Figure 2: Deformed hatchling for cell line development 

 

Virus isolation 
Tissue samples either fresh or stored at -70°C were dissected and manually macerated using sterile 
techniques in a class 2 biosafety cabinet. A maximum of 1 cm3 of tissue was used. The sterile tissue 
was then homogensied in 5 mL of heart brain infusion broth supplemented with Penicillin G, 
Streptomycin sulfate and Amphotericin B in either a mechanical homogeniser or using a mortar and 
pestle. The homogenised tissue was then sonicated for 20 minutes and centrifuged at 670 g for 10 
minutes.  The tissue supernatant was filtered through a 0.45 µ filter and 0.3 mL of filtered supernatant 
inoculated into a 25 cm2 flask containing cells that had reached at least 70% confluency. 

The flasks were examined by microscopy every 3-4 days for evidence of cytopathic effect (CPE). Any 
actual or suspect CPE was recorded. After 21 days all flasks were then passaged to fresh flasks.  Any 
culture showing positive viral CPE in the second passage was harvested and stored as a new virus 
isolate.  All negative flasks were discarded after 21 days of the second passage. 

All tissues processed for virus isolation were inoculated into two different cell lines, one epithelial-like 
cell line (eg. kidney) and one fibroblast-like cell line (eg. liver, heart or subcutaneous).  

Virus identification 

Electron microscopy  

A selection of ten viruses isolated in 2009 and six isolated in 2010 from different disease syndromes 
were sent to Dr. Alex Hyatt at the CSIRO Australian Animal Health Laboratory for electron 
microscope examination. 

Molecular testing 

Eleven viruses from different disease syndromes were sent to Dr Tim Hyndman at Murdoch 
University for herpesvirus PCR. This is a consensus primer PCR as described by VanDevanter et al. 
(1996), which amplifies a region of herpesviral DNA-directed DNA polymerase using degenerate 
primers in a nested format. The viruses were also tested in a consensus nested PCR targeting the DNA 
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polymerase gene of adenoviruses (Wellehan et al, 2004).  The herpesvirus PCR product was 
sequenced and compared with published data. An amino acid sequence alignment was produced. 

Using the primer sets described by VanDevanter et al. (1996), a herpesvirus PCR was developed at 
BVL. DNA was extracted from viral cultures and tissues using MagMAXTM-96 Viral RNA Isolation 
kit Test. This kit employs a classic method for disrupting samples in a guanidinium isothiocyanate-
based solution that rapidly releases viral RNA and DNA while simultaneously inactivating nucleases 
in the sample matrix. Paramagnetic beads with a nucleic acid binding surface are then added to the 
sample to bind nucleic acids.  The beads/nucleic acids are captured on magnets, and proteins and other 
contaminants are washed away.  The beads are then washed again to remove residual binding solution.  
Nucleic acids are eluted in a small volume of elution buffer. 

The eluted nucleic acid (DNA) was amplified using a two step assay. A multiplex PCR using 
QIAGEN Multiplex PCR Master Mix (Cat # 206143) and the three primers DFA, ILK and KGI was 
initially run. The PCR conditions used were initial denaturation at 95°C for 15 minutes, followed by 
35 cycles of denaturation at 94°C for 30 s, annealing at 46°C for 90 s and extension at 72°C for 90 s. 
After cycling, the reaction mixes were incubated at 72°C for 10 minutes. This produced a primary 
PCR product of approximately 800 bp.   

A nested PCR was then performed on this sample using Qiagen hotStar Taq Master Mix (Cat # 
1054467) and two internal primers TGV and IYG.  PCR conditions were an initial denaturation at 
95°C for 15 minutes, followed by 25 cycles of denaturation at 94°C for 60 s, annealing at 46°C for 60 
s and extension at 72°C for 60 s. After cycling, the reaction mixes were incubated at 72°C for 10 
minutes. This produced a PCR product of 215-315 bp. This PCR was used to screen 133 viruses or 
tissues collected from four different disease syndromes.  

Two viruses from each syndrome were prepared for sequencing using the Qiagen Qiaquick gel 
extraction kit (Cat # 28704) to purify the DNA.  The DNA was then quantified using a Genequant and 
delivered to Charles Darwin University for sequencing.  

Serology 
Virus neutralisation tests (VNTs) were developed for two of the viruses isolated from two different 
syndromes. The viruses used were V7322 isolated from the conjunctivitis/pharyngitis syndrome and 
V8232 isolated from the vasculitis/encephalitis syndrome. 

Sera for testing was inactivated by heating at 56°C for 30 minutes to remove possible 'non-specific' 
inhibitors of virus infectivity and to inactivate microbial contaminants (including viruses) in the 
sample.  

Using a final volume of 50 μL/well of diluted serum, sera were tested in duplicate in 96-well tissue 
culture microplates. Starting dilution was either 1:2 or 1:4 with two fold dilution series to 1:64 or 
1:128.   

Stock virus was titrated and diluted in tissue culture medium to contain approximately 100 TCID50/50 
μL then 50 μL added to each test well. The titre of the stock virus was measured in the same cell type 
used for the VNT. The virus used in each test was titrated to confirm the amount of challenge virus 
added to the test wells.  

The plates were covered and gently mixed by tapping. Plates were incubated in a 5% CO2 incubator at 
37°C for 2 hours. 

Following virus-serum incubation, the contents of each well were transferred to a plate of fresh cells 
that had been pre-seeded 2-3 days previously and had an actively growing cell monolayer of 
approximately 50-70% confluency. Plates were sealed with sterile plastic plate sealers and placed in 
an airtight, humidified container for incubation at 28-30°C for approximately 10 days.   
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The plates were examined microscopically and observations recorded as presence or absence of 
cytopathetic effect (CPE), contamination or toxicity. Any evidence of CPE was recorded as positive. 

Comparative VNTs using these two viruses were performed on samples collected from crocodiles 
involved in the runting project in 2005, diseased crocodiles submitted for necropsy in 2010, recovered 
animals from the same cohort and normal animals collected at harvest in 2010. 

Sera were also collected from adult farmed crocodiles at slaughter. These crocodiles had all been 
resident on the farm since 2005, 2006 or 2007. Selected sera were tested in the V7322 VNT. 

Crocodile sera were also tested in a VNT for Kunjin virus (KUNV). KUNV is an Australian flavivirus 
related to West Nile virus. It has been isolated from mosquitoes, humans and horses in Australia, and 
can cause disease in humans and horses. In the USA, West Nile virus causes disease in American 
alligators (Jacobson et al 2005). 

The KUN VNT was based on a modified version of the Aino VNT described in Australian and New 
Zealand Standard Diagnostic Procedures, October 2003, Aino Virus, RP Weir. (www.scahls.org.au). 
Briefly, 100 TCID50 of virus was incubated with an equal volume of diluted serum for 1 hour at 37°C 
in 96 well plates. Serum was tested at dilutions of 1:10 to 1:320. Tissue culture cells were then added 
and the plates incubated for a further 5-6 days at 37°C, then read.  

Sentinel crocodiles 
To investigate possible arboviral infections in farmed C. porosus a group of 20 sentinel hatchling 
crocodiles were selected by Porosus Pty ltd. The hatchlings were from different clutches and located in 
different pens. A small blood sample was collected from each animal once per week. This blood was 
inoculated to cell lines suitable for the isolation of arboviruses (Melville et al 2005). 

Sampling continued from 26th April 2009 until 1st December 2009 and was repeated from 18th March 
2010 until 19th August 2010.  

Wild caught crocodiles 
Blood samples were collected from 69 adult wild crocodiles trapped by the Department of Natural 
Resources, Environment, the Arts and Sport from public access recreational waters in the Northern 
Territory. Crocodiles were trapped at 23 different locations and samples submitted to BVL for 
serological testing and virus isolation. 

Pathology 
Necropsies were performed on diseased crocodiles submitted to BVL. Tissues were fixed in 10% 
neutral buffered formal saline and histological sections prepared for microscopic examination. Disease 
syndromes were described based on gross and histopathological findings. 

Endogenous retroviruses 

PCR amplification of ERV genes 

PCR was used to amplify potential ERV fragments in the saltwater crocodile, using primers designed 
from conserved regions of known retroviral genomes. Universal primers that have been shown to 
amplify the pro-pol gene region of the retroviral genome (Tristem, 1996) were used to assess the 
distribution and diversity of endogenous retroviruses within the saltwater crocodile. Additional 
primers were designed based on published retroviral sequences from other species to amplify potential 
ERV fragments from the genes encoding the retroviral envelope and group specific antigen proteins. 

http://www.scahls.org.au/
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Vertebrate genomes are known to contain many copies of transposable elements such as ERVs. Many 
times, these copies will be near identical, especially when these elements are thought to have been 
active recently or are still present. To determine the individual sequences of each of the insertions 
detected using PCR, the retroviral amplicons were cloned using standard bacterial cloning and 
sequenced by a commercial sequencing service. 

Data Analysis 

Determining functionality of ERV fragments 

Research into retroviral diseases suggests that recently endogenised retroviruses may also retain the 
capacity to replicate, and thus the potential to cause disease (Burmeister, 2001, Perl, 2003, Tarlinton et 
al., 2005). On the other hand, ERVs may be retained in the genome or retain intact open reading 
frames (ORFs) if they confer additional benefits for the host (Stoye, 2001, Gifford and Tristem, 2003, 
Jern and Coffin, 2008). Thus, complete ORFs within retroviral genes may be indicative of a recently 
endogenised retrovirus, or a functional proviral sequence within the genome. 

The program MACSE (Ranwez et al., 2011) was used to determine the likely reading frame of the 
fragments based on deduced amino acid sequences. Sequences generated using this method were also 
used as a search query in the Censor program (Kohany et al., 2006) to identify other ERV sequences 
deposited in the Repbase database. This database is a repository for repetitive element sequences and 
contains a more comprehensive coverage of repetitive elements than the GenBank database. The 
potential functionality of the sequences generated was determined from putative amino acid 
translations in various reading frames as described above. Sequences were deemed potentially 
functional if no stop codons were present in the fragment.  Genetic distances between and within 
clades of sequences were calculated in MEGA5 (Tamura et al., 2011) and were used to determine if 
there was any potential substructure within the clades. Due to similarity between sequences in each 
clade of ERV sequences, representative sequences were selected for use in subsequent phylogenetic 
analyses. These sequences were selected based on similarity to the consensus sequence. If there were a 
number of sequences of equal similarity, sequences with the least number of stop codons were 
selected. 

Diversity of ERVs in the saltwater crocodile and in relation to Retroviridae 

Due to the unique mode of replication that retroviruses utilise, pro-viral sequence diversity can also 
provide an indication of the relative age of retroviral integration events. To assess the diversity of the 
pro-pol gene within the saltwater crocodile, an aligned dataset was created comprising 339 amino 
acids from 176 novel sequences from this study and 72 published sequences from other crocodilians 
(Herniou et al., 1998, Martin et al., 1999, Martin et al., 2002, Jaratlerdsiri et al., 2009). Putative amino 
acid translations were aligned using ClustalW (Thompson et al., 1994) and high gap penalties as 
described by Xiong and Eickbush (1988). Neighbour joining and maximum likelihood analyses were 
carried out with 1000 bootstrap and using chicken (Gallus gallus) sequences as an outgroup. 
Neighbour joining trees were created in MEGA5 using p-distances. The best fit model of substitution 
(WAG+F) was determined using Model Generator (Keane et al., 2006) and implemented in PhyML 
(Guindon et al., 2010).  

Additional phylogenetic analyses were carried out to observe the clustering of the crocodile sequences 
with other published ERV sequences using the alignment created by Jern et al. (2005). The different 
retroviral genera tend to vary with regards to the forms of disease caused by their associated 
retroviruses. For example, most retroviruses are oncogenic; lentivirus related diseases are more likely 
to be cytopathic or chronic degenerative diseases, while epsilon- and spumaretroviruses are symbiotic, 
or not overly pathogenic (Bishop, 1978, Burmeister, 2001). For this reason, the genera of crocodilian 
ERVs are also of interest. 

Due to the large number of sequences recovered, representative sequences from the saltwater crocodile 
were selected based on similarity to a consensus sequence from each clade. Since we are also 
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interested in the functionality of sequences, sequences with fewer perceived insertions, deletions or 
stop codons were selected over those with more of these mutations where there were multiple equally 
similar sequences.  Sequences from other crocodilians were treated similarly except in cases where 
there were clearly two divergent lineages represented. Phylogenetic trees were created as described 
above.   

Bacterial artificial chromosome (BAC) screening and sequencing to identify 
potential full length ERVs 

In addition to identifying ERV genes with full open reading frames, the potential expression of the 
pro-viral ERVs is another important factor to investigate. While complete ORFs may be transcribed, 
full length ERVs are more likely to undergo translation to form the retroviral proteins. This is because 
structures such as the LTR regions play an important role in the initiation and regulation of ERV 
expression (Coffin et al., 1997). Since not much is known about ERVs in crocodilians, PCR based 
search methods are not sufficient to identify and characterise full length pro-viral ERVs. For this 
reason, we have investigated the use of genome screening techniques and next generation sequencing 
to identify potential full length ERVs. 

DNA fragments from the retroviral pro-pol gene region were also used as probes to screen the BAC 
libraries containing fragments of the saltwater crocodile genome. The gharial (Gavialis gangeticus) 
BAC libraries were also screened using the same probe sets as a control. Two sets of probes were used 
for screening. The first consisted of a representative fragment from the CERV1 clade. The second 
probe set was made up from a pooled set of seven fragments that were representative of all the major 
lineages of CERVs identified including the representative sequence from CERV1, 3 sequences from 
CERV2 and the three outlier sequences. 

Plasmid DNA containing these fragments were amplified using bacterial cloning, purified, and excised 
by an EcoRI enzyme digest. The appropriate sized fragments (about 800 base pairs) were purified 
from a 1.5% agarose gel. 25ng of probe DNA was prepared from this using the Amersham Megaprime 
Labelling System and p32 radioisotope labelled dCTP. For the pooled probe set, each fragment was 
individually labelled before being pooled for hybridisation. Labelled probes were hybridised for 48-72 
hours at 65°C. After washing, the membranes were wrapped in plastic and exposed on phosphor 
screens for 48 hours (specific probe) and overnight (pooled probes). Screens were scanned using the 
Amersham Storm 820 system to identify hybridised spots on each membrane. The program 
Macroarray Decoder (Chouvarine, unpublished) was used to identify the plate number and well 
position of each positive BAC clone.  

To choose clones for sequencing, only clones that showed up positive in both the individual and 
pooled samples were considered. Of these, only those with the strongest hybridisation signals were 
selected as these would be more likely to contain the full length fragment. Selected clones were 
verified by PCR and purified using the Qiagen Large-construct kit. These clones were sequenced on 
the Roche GC FLX 454 sequencing platform. Sequence contigs will be assembled using the Newbler 
program suite by Roche. Contigs will be compared to known ERV sequences to identify full length 
ERVs and their insertion sites for further analysis. 
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Results 
Cell line development 
Forty different cell lines were developed from crocodile tissues (table 1). Not all these cell lines have 
been maintained.  Twelve of the lines were cryo-preserved in liquid nitrogen storage and these have 
been retrieved and successfully regrown.  All cell lines were maintained for at least 5 passages before 
discarding. Some cell lines have been lost due to laboratory contamination and some cell lines were 
discarded as it is impractical to maintain 40 cell lines indefinitely. 

Table 1: Cell lines from crocodile tissues 

Tissue Source Cell Line Laboratory Designation Morphology 
Kidney 5CPK, 4CPK, 3CPK, 1CPK, 5-K1, 5-K2,  

6-K, 8-K1, 8-K2, 9-K1, 9-K2, 10-K1 
Epithelial-like 

Heart 1CPH, 2CPH, 3CPH, 4CPH, 5CPH, 1-H,  
2-H, 3-H, 4-H, 5-H, 6-H, 10-H 

Fibroblast-like 

Trachea 3CPT, 1-T, 3-T, 4-T, 6-T, 9-T Fibroblast-like 
Lung 1CPL, 3CPL, 1-L, 2-L, 3-L Fibroblast-like 
Gonad 1CPG Epithelial-like 
Subcutaneous 1-SC, 8-SCB, 10-SCB Fibroblast-like 
Liver 1-LV Fibroblast-like 

 

The cell lines used in the virus isolation trials were 1CPG, 5CPK, 3CPT, 1CPL, 3CPH, 6-K, 1-LV, 5-
K2, 3-H, 1-T, 5-K1, 1-SC, 3-L, 10-K1, 9-K1, 10-SCB, 9-K2, 9-K1, 10-H and 9-T. 

Photographs of selected control cell lines are shown in figures 3 to 7. 
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Figure 3: 3CPH (heart): P6: 6 days 

 

 

Figure 4: 5CPK (kidney): P6: 6 days 
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Figure 5: 1CPL (lung: P6: 6 days 

 

 

Figure 6:  3CPT (trachea): P6: 6 days 
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Figure 7: 1CPG (gonad): P7: 6 days 

The passage profile of the liver cell line designated 1-LV is shown in table 2.  This is a typical profile 
and the commonly used cell lines had a similar profile. 
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Table 2: Passage profile of liver cell line 1-LV 

Passage Level 1-LV (liver cells) 
Date Passaged Time Interval 

(days) 
P0 8 Apr 2009  
P1 3 Jun 2009 56 
P2 12 Jun 2009 9 
P3 5 Jul 2009 23 
P4 25 Jul 2009 20 
P5 18 Aug 2009 24 
P6 6 Sep 2009 19 
P7 29 Sep 2009 23 
P8 21 Nov 2009 53 
P9 7 Jan 2010 47 
P10 15 Feb 2010 39 
P11 31 May 2010 105 
P12 13 Jun 2010 13 
P13 12 Jul 2010 29 
P14 23 Aug 2010 42 
P15 13 Sep 2010 21 
P16 5 Oct 2010 22 
P17 16 Nov 2010 42 
P18 21 Jan 2011 66 
P19 15 Mar 2011 53 
P20 26 Jul 2011 135 
P21 16 Aug 2011 21 
P22 16 Sep 2011 31 
P23 10 Oct 2011 24 
P24 8 Dec 2011 59 
Mean Inter-passage Interval = 41 Days 

It was observed that C. porosus cell lines could be maintained in culture for extended periods of time.  
A selection of cell lines were subjected to increasing inter-passage intervals.  Results for two of these 
lines are shown in table 3.  Cell viability and subsequent growth could be maintained for at least 330 
days in culture.  
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Table 3: Passage intervals of tracheal and heart cells 

Passage Level 1-T (trachea cells) 5-H (heart cells) 
Date Passaged Time Interval 

(days) 
Date Passaged Time Interval 

(days) 
P0 8 Apr 2009  23 Apr 2009  
P1 23 May 2009 45 27 May 2009 34 
P2 7 Jun 2009 15 7 Jun 2009 11 
P3 5 Jul 2009 28 13 Sep 2009 98 
P4 3 Aug 2009 29 26 Jan 2010 135 
P5 30 Aug 2009 27 1 Jun 2010 126 
P6 12 Oct 2009 43 7 Jan 2011 214 
P7 6 Dec 2009 55 7 Dec 2011 334 
P8 2 Jun 2010 178 
P9 5 Jan 2011 217 
P10 7 Dec 2011 336 

 
 
C. porosus cell line plating efficiency 

To determine the ability of C. porosus cells to multiply in 96 well plates and to assist in the 
development of a virus neutralisation serological test, selected cells were tested by serial dilution in 96 
well plates.  The protocol uses a two step serial dilution method starting from a known cell 
concentration and is fully described in 
http://catalog2.corning.com/Lifesciences/media/pdf/Single_cell_cloning_protocol.pdf.  The minimum 
cell concentrations needed to produce confluent cell monolayers at 7 and 14 days is given in table 4. 

Table 4: Cell line plating efficiency 

Cell Line 
Designation/Origin 

Day 7 Day 14 

5CPK/kidney 0.5 x 105 0.25 x 105 
3CPH/heart 0.5 x 105 0.125 x 105 
3CPT/trachea 0.375 x 105 0.075 x 105 
1CPG/gonad 0.75 x 105 0.25 x 105 
1CPL/lung 0.5 x 105 0.125 x 105 

 

For the VNT, further trials determined that using a standard split ration of 1:5, 96 well plates will have 
an actively growing cell monolayer of approx. 50-70% confluency in 2-3 days. This has been used as 
the standard method for neutralisation tests. 

Infection of crocodile cells with non-crocodile origin viruses 

Two viruses isolated from non-crocodile species could be propagated in primary C. porosus cell lines.  
Kunjin virus multiplied to high titres in all C. porosus cell lines tested (table 5 and figure 8).   It is 
important to note that Kunjin virus did not produce any cytopathic effect in the C. porosus cell lines.  
Mahaffey Road Iridovirus (MRIV) was isolated from Magnificent and Green Tree Frogs from the 
Darwin rural area (Weir et al. submitted).  The virus caused disease and death in both species of frog.  
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MRIV multiplied to high titres in all C. porosus cell lines tested (table 6). In contrast to Kunjin virus it 
produced a distinctive cytopathic effect in all cell lines (figure 9). 

Table 5: Kunjin virus 

Cell Line 
Designation/Origin 

Multiplicity of 
Infection (moi) 
TCID50 

Cytopathic Effect Virus Titre  
3 Days Post 
Infection 

Virus Titre  
7 Days Post 
Infection 

1CPL/lung 100 No 2.25 3.75 
5CPK/kidney 100 No 3.50 4.50 
3CPT/trachea 100 No 3.25 4.75 
3CPH/heart 100 No 2.50 3.75 
1CPG/gonad 100 No 4.00 5.25 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8:  Kunjin virus growth in primary crocodile cells 
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Table 6:  Mahaffey Road Iridovirus 

Cell Line 
Designation/Origin 

Multiplicity of 
Infection (moi) 
TCID50 

Cytopathic 
Effect 

Virus Titre 
3 Days Post 
Infection 

Virus Titre  
7 Days Post 
Infection 

1CPL/lung 100 Yes 4.00 6.00 
5CPK/kidney 100 Yes 2.00 5.50 
3CPT/trachea 100 Yes 4.25 5.75 
3CPH/heart 100 Yes 3.00 5.50 
1CPG/gonad 100 Yes 3.50 5.25 
 

  Control     Infected 

 

Figure 9: Cytopathic effect in tracheal cells infected with Mahaffey Road Iridovirus 

Viral fauna in farmed and wild crocodiles in the Northern Territory 
Virus isolation 

To 6th December 2011, 620 samples were processed from 122 submissions comprising 194 individual 
animals. 185 viruses have been isolated from these samples. A complete list of results is included as 
appendix A. Typical patterns of CPE are shown in figures 10 to 12. 

 

Figure 10:  Uninfected primary C. porosus kidney cell line 
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Figure 11: Primary C. porosus kidney cell line infected with a herpesvirus isolated from the 
pharynx of a juvenile crocodile 

 

 

Figure 12: Same infected cells at higher magnification showing typical herpesvirus-like 
syncytial cell CPE 

 

Pathology 

Four disease syndromes, from which viruses were isolated, were identified on gross and histological 
findings. 

Syndrome 1: Conjunctivitis/pharyngitis syndrome in hatchling and juvenile saltwater 
crocodiles 

Gross necropsy findings are typically limited to the eyes and oral cavity (figure 13). Eye lesions are 
unilateral or bilateral, and vary in severity among affected individuals. In relatively mild cases, there is 
thickening and decreased opacity of the nictitating membrane and thickening, oedema and reddening 
of the conjunctivae with scant mucopurulent exudate. With increasing severity, the exudate is copious, 
fibrinocaseous, pseudomembranous and adherent to the nictitating membrane and accumulated in the 
conjunctival sac, in some cases resulting in closure of the eyes due to adhesion of the lids. Some cases 
exhibit mild to moderate corneal opacity. Involving the oral cavity, lesions vary from multifocal to 
regionally extensive erosion or ulceration of the mucosa, with associated scant to thick lightly 
adherent fibrinocaseous crust. The base of the tongue at the junction with the gular flap and pharynx 
surrounding the glottis are frequently the most severely affected regions and contain copious fibrinous 
to caseous exudate.  
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Histologically, eye lesions vary in appearance with severity and presumably chronicity. In hatchling 
crocodiles, there is moderate to severe oedema and necrosis of the conjunctival epithelium progressing 
to erosion or ulceration, often most prominent at the conjunctival fornix. There is associated mild to 
marked heterophil and lesser numbers of macrophage and lymphocyte infiltration of the affected 
epithelium and submucosa, and scant to copious superficial exudate consisting of fibrin, heterophils 
and necrotic cells debris. The lesions abate at the junction of the palpebral conjunctiva with the skin of 
the eyelid and at the junction of the bulbar conjunctiva with the corneal epithelium. In more 
chronically affected crocodiles, there are focal areas exhibiting the above lesions to a generally milder 
degree; however, the predominant lesion is one of moderate to marked conjunctival thickening due to, 
epithelial oedema, hypertrophy and hyperplasia, with mild to marked lymphocyte and lesser numbers 
of macrophage and plasma cell, infiltration of the epithelium and underlying submucosa, particularly 
perivascularly.  In some affected eyes in both acutely and chronically affected crocodiles, there is also 
heterophil, macrophage and/or lymphocyte infiltration of the iris. The cornea varies from normal to 
exhibiting epithelial erosion, oedema, lymphocyte or heterophil infiltration.  Pharyngeal lesions are 
histologically similar to conjunctival lesions, including erosion and ulceration with heterophil 
infiltration being more prominent in more acute lesions, and marked epithelial hyperplasia and intra-
epithelial and submucosal lymphocyte infiltration being more prominent in more chronic cases. The 
lesions are generally accompanied by some degree of superficial crust (milder in more chronic cases) 
consisting of necrotic cell debris, fibrin and heterophils with superficial bacterial and/or fungal 
infiltration.   

In summary, crocodiles with this syndrome exhibit mild to severe heterophilic or lymphocytic 
ulcerative or hyperplastic unilateral or bilateral conjunctivitis with or without heterophilic or 
lymphocytic ulcerative or hyperplastic pharyngitis.  

 
 
Figure 13: Conjunctivitis and pharyngitis in saltwater crocodiles 
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Syndrome 2: Systemic lymphoid proliferation/vasculitis/nonsuppurative encephalitis 
syndrome in juvenile saltwater crocodiles 

Juvenile crocodiles with this syndrome are typically in thin body condition. Gross necropsy findings 
are usually limited to moderate to marked splenic enlargement and pulmonary oedema. Some 
crocodiles with this syndrome have mild to moderate gross lesions of chronic conjunctivitis and/or 
pharyngitis as described above.  

Histologically, there is generalised lymphoid and histiocytic hyperplasia evident throughout a wide 
variety of tissues. In the spleen, perivascular lymphoid cuffs are less discrete than normal and 
accompanied by large numbers of sinusoidal histiocytic cells, many containing vacuoles in which 
there is pale yellow to pink variegated cell debris. There is mild to moderate infiltration of pulmonary 
septae with lymphocytes and histiocytes and airways containing abundant proteinaceous fluid. In some 
cases there is hyperplasia of the pulmonary respiratory epithelium. In the liver there are periportal 
lymphoid aggregates and there is mild to marked lymphohistiocytic infiltration involving the 
interstitium of the pancreas, mucosal and submucosal epithelium of the oesophagus, lamina propria of 
all segments of the intestine and occasionally the stomach. Large blood vessels at the base of the heart 
contain intimal and adventitial and, to a lesser degree, medial infiltrates of lymphocytes. Lymphocytes 
are also abundant in the pericardial connective tissue and in the endocardium. The tonsils are 
frequently markedly active, with obliteration of the tonsilar epithelium with lymphocytes and solid 
dense sheets of lymphocytes and histiocytes expanding the tonsilar folds. In the brain, diffusely 
throughout the parenchyma there is mild to moderate perivascular cuffing with lymphocytes and 
histiocytes and mild to moderate gliosis. Low to moderate numbers of lymphohistiocytic cells are 
frequently present within the ventricles and choroid plexus as well as the meninges. Most crocodiles 
with this syndrome exhibit mild to marked lymphohistiocytic infiltration of the iris. Histology of 
conjunctival and/or pharyngeal lesions is characterised by epithelial hyperplasia and lymphoid 
infiltration, as described for the more chronic form of conjunctivitis/pharyngitis syndrome described 
above.  

In summary, crocodiles with this syndrome exhibit moderate to marked generalised lymphoid 
proliferation, nonsuppurative encephalitis, interstitial pneumonia and vasculitis.  

Syndrome 3: Lymphohistiocytic nodular skin disease syndrome in harvest-size (3-4 
year-old) saltwater crocodiles  

Crocodiles with this syndrome are generally in good body condition, the skin lesions only being noted 
during close inspection of the hide prior to harvest. Skin lesions are multifocal pale soft raised regions 
either involving the interscalar region or part or all of one scale or a few contiguous scales (figure 14). 
Lesions predominate on the lateral belly scales, in the region of the junction of the white scales of the 
belly and the darkly pigmented scales of the dorsum. Lesions also occur on the ventral belly scales and 
dorsal osteoderm scales of the neck, in which lesions there is partial destruction of the osteoderm. 
Large lesions may have an ulcerated surface covered in a caseous crust. On cut section, lesions extend 
into the dermis as well delineated soft white areas. In some cases there are similar soft raised foci 
involving the tongue or commisures of the mouth, at times with an ulcerated surface covered in 
caseous exudate. Tonsils are diffusely enlarged with a nodular appearance to the folds. Other variable 
gross lesions include discrete soft white foci subepithelially in the conjunctiva and nodular swelling 
involving the cloacal mucosa. In a few cases, grossly evident discrete white foci or regions are visible 
either expanding or replacing the parenchyma of internal organs, including discrete white foci in the 
myocardium, liver or kidney.  

Histologically, all lesions are basically manifestations of large dense aggregates of lymphocytes of 
various sizes and morphologies, histiocytic cells including small clusters of macrophages containing 
variegated cell debris. In the skin these aggregates expand the connective tissue of the dermis and 
extend up to and incorporate the epidermis. In the lesions in which the overlying epidermis is eroded 
or ulcerated, there is in addition heterophil infiltration and an associated crust of necrotic cell debris 
with superficial mixed bacteria and/or fungi. Oral lesions are similar to skin lesions histologically. In 
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many cases there is periportal lymphoid infiltration and in a few, the parenchyma is expanded and 
obliterated by a large solid mass of lymphocytes and histiocytic cells. In one crocodile, large solid 
infiltrates of these cells expanded and obliterated most of one kidney. Tonsils are markedly 
hyperplastic with solid sheets of lymphocytes and intermingled histiocytes expanding the folds and 
infiltrating the epithelium. The spleen is typically unremarkable, with a normal, organised lymphoid 
population.  

In summary, crocodiles with this syndrome exhibit multifocal dermal lymphohistiocytic infiltration 
with variable presence of discrete lymphohistiocytic nodules in other tissues and organs. 

  

Figure 14:  Lymphohistiocytic nodular skin lesions in saltwater crocodiles 

 

Syndrome 4: Cutaneous ulceration and systemic lymphoid proliferation syndrome in 
juvenile freshwater crocodiles  

Grossly, crocodiles with this syndrome are typically in poor body condition, with multifocal to 
coalescing punctate raised pale swellings or 1-3 mm areas of reddening and caseous crusting involving 
scales and interscalar regions of primarily the ventral aspects of the skin. In some cases there is mild 
corneal opacity. Tonsilar folds are enlarged and nodular. Internally, there is irregular thickening of the 
gastric wall with multifocal to coalescing reddening or ulceration of the mucosa. There is moderate 
splenic enlargement.  

Histologically, affected skin exhibits marked lymphoid and to a lesser degree, histiocytic infiltration of 
the epidermis and immediately underlying dermis, with or without erosion and ulceration of the 
epidermis. Where the latter is present, there is additionally vascular congestion and heterophil 
infiltration of the dermis and epidermis and superficial crusting with proteinaceous exudate, necrotic 
heterophils and cell debris. Superficial crusts are infiltrated by a variety of mixed bacteria and fungi. 
In cases in which there was corneal opacity, there is mild lymphoid infiltration of the conjunctivae and 
corneal stroma and moderate to marked lymphoid infiltration of the iris. Tonsils exhibit marked 
lymphoid hyperplasia with expansion of tonsilar folds with solid sheets of lymphocytes and marked 
lymphocyte infiltration of the tonsilar epithelium. Involving the gastric mucosa, there is moderate to 
marked diffuse lymphocyte infiltration of the lamina propria and multifocal lymphoid infiltration of 
the submucosa. Where the lymphoid infiltrate nearly obliterates the normal lamina gastric architecture 
including gastric glands, there is haemorrhage and ulceration of the superficial mucosal epithelium.  
The splenic sinuses are expanded by histiocytic cells that contain abundant globular golden pigment 
and variegated cell debris. There is generalised mild to moderate lymphoid proliferation in many 
tissues, including portal areas of the liver, oesophageal and pharyngeal submucosae, pancreatic 
interstitium, intima of large blood vessels and connective tissue at the base of the heart and pulmonary 
interstitium.     
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In summary, crocodiles with this syndrome exhibit multifocal dermal lymphoid infiltration with 
variable epidermal erosion or ulceration, gastric ulceration associated with marked gastric lymphoid 
infiltration and generalised lymphoid proliferation involving many other tissues (figure 15). 

  

Figure 15: Systemic lymphoid proliferation in freshwater crocodiles 

 

Patterns of virus isolation compared to histopathological syndromes 

General patterns of the appearance of CPE in the isolation of viruses appear to be associated with the 
different histopathological syndromes.  Details from typical cases of each syndrome are shown in 
tables 7 to 10. 

Conjunctivitis/pharyngitis syndrome in hatchling and juvenile saltwater crocodiles 
(syndrome 1)  

Viruses isolated from conjunctivitis/pharyngitis syndrome cases are generally isolated from kidney 
cell lines only and CPE usually appears before Day 10 in the first passage. 
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Table 7: Isolation pattern syndrome 1 

Submission-Sample tested Cell Line Day CPE observed 1st 
Passage 

Day CPE observed  2nd 
Passage 

20071434-Conjunctiva R1 Kidney Day 5  

Liver No Isolation No Isolation 

20071434-Conjunctiva R2 Kidney Day 5  

Liver No Isolation No Isolation 

20071434-Conjunctiva L Kidney Day 5  

Liver No Isolation No Isolation 

20071434-Liver Kidney No Isolation No Isolation 

Liver No Isolation No Isolation 

20071434-Lung Kidney No Isolation No Isolation 

Liver No Isolation No Isolation 

20071434-Pharynx Kidney No Isolation No Isolation 

Liver No Isolation No Isolation 

 

Systemic lymphoid proliferation/vasculitis/nonsuppurative encephalitis syndrome in 
juvenile saltwater crocodiles (syndrome 2) 

In the systemic lymphoid proliferation/vasculitis/nonsuppurative encephalitis syndrome cases, viruses 
are generally isolated first in the kidney cell lines mid – late in the first passage and then if isolated in 
the fibroblast-like cell lines usually in the second passage. 

Table 8: Case1 isolation pattern syndrome 2  

Submission-Sample tested Cell Line used. Day CPE observed 1st 
Passage 

Day CPE observed  2nd 
Passage 

20110744-Brain Kidney Day13  

Liver Day 16  

20110744-Conjunctiva Kidney Day16  

Liver  Day 17 

2011074-Kidney Kidney Day 16  

Liver  Day 7 

20110744-Liver Kidney Day 21  

Liver  Day 14 

20110744-Lung Kidney No Isolation No Isolation 

Liver No Isolation No Isolation 

20110744-Spleen Kidney  Day 5 

Liver No Isolation No Isolation 

20110744-Tonsil Kidney  Day 5 

Liver No Isolation No Isolation 
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Table 9: Case 2 isolation pattern syndrome 2 

Submission-Sample tested Cell Line Day CPE observed 1st 
Passage 

Day CPE observed  2nd 
Passage 

20090939-Brain Kidney  Day 10 

Subcutaneous   Day 15 

20090939-Conjunctiva Kidney  Day 10 

Subcutaneous  No Isolation No Isolation 

20090939-Liver Kidney Day 10  

Subcutaneous  No Isolation No Isolation 

20090939-Pharynx Kidney Day 14  

Subcutaneous   Day 5 

20090939-Spleen Kidney  Day 7 

Subcutaneous  Day 7 
 

Lymphohistiocytic nodular skin disease syndrome in harvest-size (3-4 year-old) 
saltwater crocodiles (syndrome 3) 

Viruses isolated from lymphohistiocytic nodular skin disease syndrome cases are more likely to be 
isolated from the fibroblast-like cell lines with CPE appearing late in the first passage. 

Table 10: Isolation pattern syndrome 3 

Submission-Sample tested Cell Line used. Day CPE observed 1st 
Passage 

Day CPE observed  2nd 
Passage 

20090659-Liver Heart No Isolation No Isolation 

Kidney No Isolation No Isolation 

20090659-Skin Lesion 1 Heart Day 20  

Kidney No Isolation No Isolation 

20090659-Skin Lesion 4 Subcutaneous Day 17  

Heart Day 17  

Kidney Day 17  

20090659-Skin Lesion 10 Heart Day 20  

 Kidney No Isolation No Isolation 

20090659-Spleen Heart No Isolation No Isolation 

 Kidney No Isolation No Isolation 

20090659-Thymus Heart No Isolation No Isolation 

 Kidney No Isolation No Isolation 

20090659-Tonsil Heart Day 14  

Kidney  Day 13 
 

The reasons for these results are unknown.  There could be differences in viral load in different tissues 
from different syndromes. Alternatively, the viruses isolated from each syndrome may be from 
different virus orders, families, sub-families, genus or sub-types. This remains to be resolved. 
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Electron Microscopy 

The ten viruses sent to AAHL in 2009 were all reported as belonging to the family Herpesviridae. Of 
the six viruses submitted in 2010, three were reported as belonging to the family Herpesviridae, two as 
belonging to the family Adenoviridae and one as no viral structures seen but unusual cells indicating 
the presence of potential protozoa.  

 

Figure 16: EM images of crocodile herpesvirus 

 
Molecular testing 

Viruses sent to Murdoch University were confirmed by PCR as herpesviruses or adenoviruses. The 
herpesvirus amino acid alignment is shown in figure 17. 

 

.   

Figure 17: Aligned amino acid sequences 
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Of 133 viruses screened at BVL, 79 were positive in the herpesvirus PCR. 

A summary of the EM and PCR results for the different disease syndromes is shown in table 11.  

Table 11:  Crocodile virus cases with tests for characterisation of isolate (PCR and/or EM) 

Virus 
Isolated 
from: Pathology/case detail 

Murdoch 
Herpesvirus 
PCR 

AAHL EM  

V7421 Conjunctiva Conjunctivitis/pharyngitis (syndrome 1) in 
harvest-size poor doing C.porosus, Farm B  +ve isolate Not done  

V7322 Conjunctiva Conjunctivitis/pharyngitis (syndrome 1) 2 yrs 
after initial outbreak, C. porosus, Farm A +ve isolate Herpesviridae 

V7819 Conjunctiva Conjunctivitis/pharyngitis (syndrome 1), three 
yrs. post outbreak), C. porosus, Farm B +ve isolate Not done 

V7776 Skin Lesion Two isolates from separate lesions on one 
animal, lymphonodular skin lesions (syndrome 
3), C. porosus, Farm A  

+ve isolate Herpesviridae 

V7775 Skin Lesion +ve isolate Herpesviridae 

V8008 Liver 
Systemic vasculitis/lymphoproliferation/ 
encephalitis (syndrome 2), C. porosus , Farm 
A  

+ve isolate No virus observed 
(protozoa ?) 

V8302 Kidney 

Systemic vasculitis/lymphoproliferation/ 
encephalitis (syndrome 2), one of N=30 
euthanased from chronic viral pen, C. porosus 
Farm A,  

+ve isolate Herpesviridae 

V8232 Kidney 

Systemic vasculitis/lymphoproliferation/ 
encephalitis (syndrome 2), one of N=30 
euthanased from chronic viral pen, C. porosus, 
Farm A 

-ve isolate Herpesviridae 

V8216 Liver Lymphoproliferation (syndrome 4), C. 
johnstoni, Farm B -ve isolate Adenoviridae 

V8230 Lung Systemic lymphoid proliferation in (syndrome 
4), C. johnstoni, Farm B 

-ve isolate 
 

Adenoviridae 

V8177 Skin Weird unique case of diffuse erosive skin 
disease in subadult C. porosus, Farm B +ve isolate Herpesviridae 

 

Serology 

Comparative VNT titres for V7322 and V8232 from different groups of animals are shown in tables 
12 to 16. 
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Table 12: 2005 runting project – normal animals 

Animal No. V7322 V8232 
4 2.5 Neg 
5 Neg Neg 
7 2.5 Neg 
8 Neg Neg 
9 Trace Neg 
10 2 Neg 

 

Table 13: 2010 diseased crocodiles for necropsy 

Animal No. V7322 V8232 
D1 2 Neg 
D2 3.5 Neg 
D3 2.5 8 
D4 Neg 7 
D5 Neg Trace 
D6 Neg 7 
D7 Trace Neg 
D8 Neg 7 

 

Table 14: 2010 recovered crocodiles – same cohort 

Animal No. V7322 V8232 
1 Neg 8 
2 Neg 4 
3 Neg 12 
4 Neg 2 
5 Neg 7 
 

Table 15: 2010 samples tested by constant serum/varying virus 

 V7322 V8232 
Virus Titration Titre 
 

104.25 104.62 

Negative (FBS) 
  

<1* 
 

<1 
1 <1 2.62 
2 <1 2.87 
3 <1 3.37 
4 <1 1.37 
5 <1 2.62 
* Titre expressed as the Log10 reduction of virus titre 

Serum diluted 1:5, Virus diluted 10-1 – 10-9 
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Table 16:  Normal crocodiles sampled at harvest 

Animal No. V7322 V8232 
H1 3 Neg 
H2 2 Neg 
H3 Trace Neg 
H4 Neg Neg 
H5 2 Neg 
H6 Neg Neg 
H7 3.5 Neg 
H8 2.5 Neg 
H9 3 Neg 
H10 Neg Neg 

 

The different serological responses demonstrated in these tables are highly suggestive of the existence 
of two different herpesviruses. 

V7322 VNT serology of adult farmed crocodiles showed all animals had high titres(>128). Serology 
on juvenile healthy crocodiles was negative. 

KUNV serology showed 25/58 farmed crocodiles were positive with titres up to 128. These results 
show a high level of exposure when large numbers of animals are intensively farmed. There does not 
appear to be any disease associated with these infections. 

Sentinel crocodiles 

Only two viruses were isolated through the arbovirus isolation system in 2009 and none in 2010. 
These viruses were tested for known Australian arboviruses  bovine ephemeral fever, bluetongue, 
epizootic haemorrhagic disease,  palyam and simbu groups and Ross River, Barmah Forest, Murray 
Valley Encephalitis and Kunjin viruses. Both viruses were negative in all these tests and further 
characterisation has not occurred. Due to the poor yield compared to the effort involved, this approach 
was not continued in 2011. 

Wild caught crocodiles 

Virus isolation was attempted on blood clots from 38 wild caught crocodiles from ten localities. No 
viruses were isolated. 

Herpesvirus serology using V7322 showed 6/36 positive animals with three of these having titres 
greater than 128. This indicates that this virus is present at moderate levels in wild populations. 

KUNV serology showed 2/21 animals were positive, indicating exposure to this virus in wild 
crocodile populations. 

Endogenous retroviruses 

PCR amplification of ERV genes and pro-pol diversity 

Sequences isolated using the universal pro-pol primers ranged in length from 665 to 957 nucleotides, 
and are consistent with other published crocodilian ERV pro-pol sequences. A total of 227 clones 
were sequenced, representing 176 novel DNA haplotypes and 126 novel amino acid haplotypes from 
47 individuals (table 17). In total, 45 clutches were sequenced from 17 sampling locations. In addition 
to this 18 putative amino acid sequences were found that contained no insertions, deletions or 
premature stop codons. All sequences except for two could be assigned to either of the two CERV 
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clades previously described (Jaratlerdsiri et al., 2009). One sequence, haplotype 58, showed similarity 
to mammalian class I ERVs and epsilon retroviruses, while haplotype 119 appears to contain a gypsy 
insertion. The third outlier sequence, haplotype 107, was similar to other CERV sequences but 
appeared to be more divergent. 

Table 17:  Distribution of sequenced clones 

River basin 
 

Number of 
locations 
 

Number of 
clutches 
 

Number of 
individuals 
 

Number of 
sequences 
 

CERV1 
 

CERV2 
 

Other 
 

Finniss River 
 

3 7 7 15 4 11 0 

Bathurst and 
Melville Islands 
 

1 3 3 10 3 7 0 

Adelaide River 
 

5 14 16 80 17 61 2 

Mary River 
 

2 6 6 25 4 21 0 

Wildman River 
 

1 1 1 1 1 0 0 

Goomadeer River 
 

1 3 3 21 3 18 0 

Liverpool River 
 

1 2 2 12 3 9 0 

Goyder River 
 

1 2 2 4 1 3 0 

Buckingham 
River 
 

1 7 7 30 9 20 0 

Total number of 
samples 
 

17 45 47 198 45 151 2 

 
 

A total of 22 sequences from the env primers and 23 sequences from the gag primers were isolated. 
These sequences showed very little similarity with other published retroviral genes, although this does 
not necessarily mean that they are not ERV fragments. However, since they could not be associated 
with confirmed RV sequences, they were not investigated further. 

Phylogenetic analysis to determine if ERVs are related to retroviruses implicated in 
similar diseases in other species 

Both genetic distances and phylogenetic analyses support the division of CERV sequences into at least 
two clades as determined by Jaratlerdsiri et al. (2009). Neighbour joining analyses of CERV 2 
sequence suggests that there may be at least four distinct lineages of ERV within this second clade. 
CERV1 on the other hand shows very little differentiation between haplotypes and consequently very 
poor structure within the phylogeny. 

Phylogenetic analyses incorporating retroviral sequences from non crocodilian taxa consistently 
placed the CERV1 sequences with the gammaretrovirus related ERVs. Contrary to the data presented 
by Jaratlerdsiri et al. (2009), CERV2 related sequences consistently clustered with the 
spumaretroviruses rather than forming a separate distinct clade. Haplotype 58 clustered with the 
epsilonretrovirus related ERVs, while haplotype 119 was placed within the spumaretroviruses but 
separate from the CERV2 sequences. 
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BAC screening and sequencing to identify potential full length ERVs 

A total of 3710 positive BAC clones were identified in the saltwater crocodile genome library using 
the specific CERV1 probe set, 48 of which produced very strong hybridisation signals. These were 
sequenced using 454 sequencing technology. 4559 positive clones were identified using the pooled 
probe set. On the other hand, there was no hybridisation using the CERV1 probe in the gharial library, 
and only 223 positive clones using the pooled probe set. In addition, ERV sequences have been 
identified from existing crocodile genome data although the functionality and expression of these 
sequences have yet to be verified.  

Discussion of results 

Cell line development 

Forty cell lines were developed from C. porosus tissues and 20 of these have been maintained and 
used in virus isolation trials. These cell lines have proved to be relatively easy to maintain and are a 
sensitive method of isolating herpesviruses and adenoviruses from diseased crocodiles. They will also 
support the growth of some arboviruses and amphibian viruses and have a significant role in 
enhancing diagnostic virology capability in reptilian species. 

Viral fauna in farmed and wild crocodiles in the Northern Territory 

A combination of virus isolation and serology has enabled a possible viral aetiology to be described 
for four disease syndromes identified between 2009 and 2011. Apart from two unidentified viruses 
isolated through the arbovirus detection system, all viruses have been isolated through one or more of 
the crocodile cell lines developed in this project. 185 viruses had been isolated by December 2011. 
Some of these were multiple isolates from the same sample through different cell lines and 133 
individual different isolates were identified for further characterisation. Preliminary characterisation 
by EM enabled herpesvirusiruses and adenoviruses to be investigated and more detailed 
characterisation techniques through PCR developed. Sequencing of the herpesvirus showed it was 
closely related to but different from a herpesvirus identified in alligators in the United States of 
America (Govett et al. 2005). Screening of 133 isolates by herpesvirus PCR identified 79 positives and 
54 viruses are still unidentified. The success of this project has posed more questions as to the role of 
these viruses in the disease syndromes from which they were isolated. 

Although molecular techniques have enabled more detailed characterisation of some of the isolates 
there are still many that remain unidentified. Serological tests using one of the isolated viruses have 
demonstrated the presence of this virus in wild crocodile populations and that exposure on farms 
increases with age. Serology has also demonstrated exposure of wild and farmed crocodiles to KUNV. 
The potential role of crocodiles in the epidemiology of this virus is unknown.   

Endogenous retroviruses 

Pro-pol diversity 

A number of fragments from the CERV1 clade were found to encode full open reading frames. This 
suggests that there may be ERVs present in the genome that are functional, and possibly capable of 
replication.  It is also expected that there will be more ERV fragments present in the genome that will 
not be picked up using these primers due to degradation of the primer binding sites. In some reactions, 
shorter fragments were also detected. These fragments may be much more degraded copies of ERVs, 
but since the ultimate aim of this study was to identify potentially functional ERV fragments, these 
were not investigated further. 

Previous DNA studies suggest the presence of two major lineages of ERVs present in the Order 
Crocodylia (Jaratlerdsiri et al., 2009). Our results largely support these findings, with sequences from 
both major clades being found in the saltwater crocodile. In addition to this, we have identified novel 
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sequences that appear to be related to other retroviral genera. In general, sequences within the two 
major clades contained a large amount of genetic variation, but very little phylogenetic depth. This is 
expected given the large number of ERV integration events that are likely to be present in the genome.  

The clustering of the crocodilian ERV sequences with a number of retroviral genera suggest that 
multiple ERV integration events have occurred throughout the evolutionary history of crocodilians, 
giving rise to the various ERV lineages. Based on these analyses, it is likely that at least three 
retroviral lineages related to the gamma- epsilon- and spumaretoviral genera have contributed to the 
ERV complement of crocodilians. Of the two major lineages, the CERV2 lineage is likely to be an 
older integration event predating the speciation of modern day crocodilians as it has been found in all 
crocodilians including the alligators and caimans (Jaratlerdsiri et al., 2009). On the other hand, 
CERV1 appears to be a more recent integration. The fact that none of this type of ERV has yet been 
discovered outside of Crocodylidae suggests that this integration occurred after the split between 
crocodiles and alligators (Herniou et al., 1998, Martin et al., 1999, Martin et al., 2002, Jaratlerdsiri et 
al., 2009). Likewise, it is possible that an epsilonretrovirus related integration event occurred within 
Crocodylidae, although the timing of these cannot be confirmed from available genetic data (Herniou 
et al., 1998, and this study). 

BAC screening 

The data available to date supports the notion that ERVs are present throughout the crocodile genome 
in many copies of both ancient and recent ERVs. The large number of positive signals detected 
suggests that there may be other lineages of ERVs that have not yet been isolated. In addition, the 
varying strengths of hybridisation signals suggests that there are many degraded fragments that may 
not be picked up through PCR screening due to degradation of the primer binding sites. 
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Implications  
Cell line development 
Development of the crocodile cell lines has enabled the first major investigation of viral diseases in 
crocodiles in Australia. The cell lines have proven to be a valuable addition to diagnosis and research 
in crocodile diseases. 

The cell lines have been provided to Murdoch University, the Tropical and Aquatic Animal Health 
Laboratory in Townsville and AAHL. The Wildlife Health Network was informed the cells were 
available for supply to any diagnostic or research group requiring them. 

Viral fauna in farmed and wild crocodiles in the Northern Territory 
Isolation of viruses from diseased crocodiles has been very successful, with 185 isolations 
representing 133 different individual viruses. Characterisation by EM and PCR has shown members of 
the family Herpesviridae isolated from three different diseases syndromes and Adenoviridae from a 
fourth syndrome. Different patterns of virus isolation and serology suggest at least two different 
herpesviruses are involved. Serology has demonstrated that at least one of the herpesviruses is present 
in wild populations of crocodiles and that exposure on farms is common. The questions that could not 
be answered by the project were confirming the role of these viruses in disease by experimental 
infections and studying the pathogenesis of these viruses. Without this information it is difficult to 
determine the implications of these findings to farming of crocodiles, however the syndromes seen and 
the isolation of herpesviruses and adenoviruses are well known and described in other intensively 
farmed animals. It is highly likely that these viruses do pose a significant risk to farmed crocodiles.  

In cooperation with Murdoch University an application for an ARC Linkage grant was prepared and 
submitted. The aims of this proposal were to define how many viruses were present, develop specific 
tests for the significant viruses, determine which viruses were actually causing disease, experimentally 
reproduce the diseases and investigate possible vaccine development. Unfortunately this application 
was not successful. 

Endogenous retroviruses 
The presence of full ORFs in the available ERV data supports the possibility of ERV expression. This 
has been confirmed by the presence of ERV transcripts in transcriptome data, although it is still 
unclear as to whether these transcripts are likely to be translated. The presence of very strong 
hybridisation signals in the genome screening is promising but further speculation on the presence of 
fully expressed ERVs will have to wait until sequence data from these clones is available. The results 
of the BAC library screening support the presence of many ERV copies in the genome and may be 
used to provide an idea as to the extent of ERV integration in the genome of crocodilians. However, 
more research is required to characterise the ERV complement of the saltwater crocodile genome and 
establish any correlation between ERVs and disease in the saltwater crocodile. 
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Recommendations 
Further work is required to determine the significance of these viruses in farmed crocodiles and to 
develop specific control measures. With any disease in intensively farmed animals, good farm 
management is essential for prevention and control. Measures should be implemented to prevent 
exposure of young crocodiles to older animals and farm biosecurity plans enforced. The introduction 
of wild caught crocodiles to farms poses a significant risk of introduction of new disease agents and 
these animals should be subjected to on going quarantine and stringent biosecurity. 

The development of disease following exposure to these viruses should be minimised by reducing 
stress on the crocodiles. Temperature control is probably a critical factor. 

Further attempts will be made to identify funding sources to continue this work, particularly in 
collaboration with universities. The project has raised as many questions as it has answers. Having 
successfully produced cell lines and shown they are suitable for the isolation of viruses from 
crocodiles, there now remains the questions of further characterisation and identification of the viruses 
and determination of their pathogenicity. 

The outcomes from this project have been disseminated by an interview on the Country Hour which 
was followed by a short article in the Australian Veterinary Journal. Presentations have also been 
given at scientific conferences (Cathy Shilton at the Australian Society for Veterinary Pathology and 
Steve Davis at the Australian Association of Veterinary Laboratory Diagnosticians).  
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Appendices 
Appendix A Crocodile samples processed for virus isolation 
Samples processed 2008 

Acc. No. Animal 
ID’s 
(if given) 

Tissues 
Processed 

Virus Isolated Accession samples/Total  
samples processed 

2006/0764 1 Pharynx, 
Conjunctiva 

Conjunctiva-V7379 2/2 

2006/0748 11 Pharynx  1/3 
2008/0353 Pen 174 Pharynx  1/4 
2008/0602 Runt Lung, Pharynx, 

Conjunctiva 
Pharynx- V7322,  
Conjunctiva-V7322 

3/7 

2008/0680 B Pharynx, 
Conjunctiva 

Pharynx – V7365 2/9 

2008/0773 4835 Pharynx, 
Conjunctiva 

 2/11 

2008/0794 2115 Pharynx, 
Conjunctiva 

Pharynx – V7366,  
Conjunctiva – V7366 

1/13 

2008/0795 5766 Pharynx, 
Conjunctiva 

Pharynx – V7367,  
Conjunctiva – V7367 

2/15 

2008/0759  Pharynx, 
Conjunctiva 

Pharynx – V7368,  
Conjunctiva – V7368 

2/17 

2008/0821 HC Liver, Pharynx, 
Conjunctiva 

 3/20 

2008/0820 326 Liver, Pharynx, 
Conjunctiva 

 3/23 

2008/0841 11826 Spleen, 
Conjunctiva 

Conjunctiva – V7421 2/25 

2008/0885 FG7 Pharynx, 
Conjunctiva 

Conjunctiva – V7380 2/27 

2008/0907 A,B,C 3 x Liver  3/30 
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Samples Processed 2009-2011 

Acc. No. Animal 
ID’s 
(if given) 

Tissues 
Processed 

Virus Isolated Accession samples/Total  
samples processed 

2008/0382 100T Liver  1/1 
2008/0790 Pen 309 Pharynx, 

Conjunctiva 
 2/3 

2008/0791 A, B 2 x Pharynx, 2 
x Conjunctiva 

 4/7 

2008/0801 A Pharynx, 
Conjunctiva, 
Spleen 

Conjunctiva – V7793 
 

3/10 

2008/0820  Pharynx, 
Conjunctiva, 
Liver 

 3/13 

2008/0821  Pharynx, 
Conjunctiva, 
Liver 

 3/16 

2008/0826  Pharynx, 
Conjunctiva 

 2/18 

2008/0830 A,B,C 3 x Pharynx, 3 
x Conjunctiva 

 6/24 

2008/0866  Pharynx, 
Conjunctiva, 
Liver 

Pharynx – V7794 3/27 

2008/0907 A,B,C 3 x Liver  3/30 
2008/1103 A,B 2 x Spleen, 2 x 

Liver 
 4/34 

2008/1232 140,416,4
59 

3 x 
Conjunctival 
Swab 

 3/37 

2008/1346 1,2,3 3 x Kidney, 3 x 
Liver, 3 x 
Lung, 3 x 
Spleen, 3 x 
Thymus, 3 x 
Tonsil 

Tonsil (#1)-V7774 18/55 

2009/0135 A, B 2 x 
Conjunctiva,  
2 x Pharynx 
(from each 
animal) 

Pharynx(#A)- V7816 
Pharynx(#B)- V7808 
Conjunctiva (#A)–V7819 
Conjunctiva (#B)–V7808 

8/63 

2009/0150  Liver  1/64 
2009/0184  Kidney, Liver, 

Brain Swab 
 3/67 

2009/0436  Pharynx, 
Conjunctiva, 
Spleen, Brain, 
Liver 

 5/72 

2009/0470 A,B 2 x Spleen  2/74 
2009/0475  Spleen  1/75 
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Acc. No. Animal 
ID’s 
(if given) 

Tissues 
Processed 

Virus Isolated Accession samples/Total  
samples processed 

2009/0519  Spleen  1/76 
2009/0527  Spleen  1/77 
2009/0541  Spleen  1/78 
2009/0548  Spleen, Kidney, 

Liver, Lung, 
Liver(pale 
areas), Brain 

Kidney – V7779 
Lung – V7779 
Liver – V7825 
Liver (pale areas) – V7825 

6/84 

2009/0546  Lung, Kidney, 
Brain, Thymus 

 4/88 

2009/0555  Spleen, Brain, 
Lung, Kidney 

 4/92 

2009/0564  Pericardial 
Swab, Spleen, 
Liver 

 3/95 

2009/0620  Lesion 1, 
Lesion 2, 
Lesion 3, 
Lesion 6B 

 4/99 

2009/0634  Liver, Spleen  2/101 
2009/0640 A,B 2 x Liver, 2 x 

Spleen 
B-Liver – V7823 4/105 

2009/0659  Liver, Spleen, 
Tonsil, 
Thymus, 
Lesion 1, 
Lesion 4, 
Lesion 10 

Lesion 1 – V7775 
Lesion 4 – V7780 
Lesion 10 – V7776 
Tonsil – V7792 
 

7/112 

2009/0666  Kidney, Lung, 
Liver, Spleen, 
Tonsil 

 5/117 

2009/0680 A, B 2 x Liver, 2 x 
Spleen 

 4/121 

2009/0736  Conjunctiva, 
Pharynx, Liver, 
Spleen 

 4/125 

2009/0739  Spleen, Liver, 
Pharynx, 
Conjunctiva 

 4/129 

2009/0753  Spleen, Liver, 
Conjunctiva, 
Pharynx 

 4/133 

2009/0781 BD1 EDTA Blood EDTA Blood – V7781 1/134 
2009/0809  Lesion 1, 

Lesion 2, 
Tonsil 

 3/137 

2009/0824  Spleen, Liver  2/139 
2009/0835  Spleen  1/140 
2009/0851  Liver, Spleen Liver – V7822 2/142 
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Acc. No. Animal 
ID’s 
(if given) 

Tissues 
Processed 

Virus Isolated Accession samples/Total  
samples processed 

2009/0852  Spleen, Tonsil, 
EDTA blood, 
Lesion 1, 
Lesion 11 

Lesion 11 – V7821,  
Tonsil – V7821,  
EDTA – V7821 

5/147 

2009/0889 Pen 309 Spleen, Liver  2/149 
2009/0901 Pen 224 Conjunctiva, 

Pharynx, 
Spleen#1, 
Spleen#2, 
Liver#1, 
Liver#2 

Pharynx – V7824 6/155 

2009/0912 Pen 224 Heart, Spleen, 
Tonsil, Lung, 
Pharynx, 
Conjunctiva, 
Liver#1, 
Liver#2 

Lung – V8007,  
Liver#1 – V8007,  
Conjunctiva – V8007 

8/163 

2009/0922 Pen 290 Conjunctiva, 
Pharynx, Liver, 
Spleen, Heart, 
Lung, Clot 

Liver – V8008,  
Lung – V8008, 
Conjunctiva – V8008,  
Spleen – V8008 

7/170 

2009/0941 J19 Liver, Spleen  2/172 
2007/0044 Bay 286 Pharynx  1/173 
2007/0225  Tonsil, 

Conjunctiva, 
Gular Valve 

Gular Valve – V7826,  
Tonsil – V7826,  
Conjunctiva – V7826 

3/176 

2008/1158 Pen 311 Pharynx, 
Conjunctiva, 
Lung, Liver 

 4/180 

2009/0427 A,B,C,D,
E 

5 x Spleen  5/185 

2009/0641 Pen 290 Liver, Spleen  2/187 
2009/1026  EDTA, Skin 

biopsy 
 2/189 

2007/0182 
(2010/0009) 

50/9/6 Pharynx  1/190 

2007/0224 
(2009/1153) 

A,B 2 x Pharynx, 2 
x Third Eyelid 

A-Pharynx – V8027,  
A-Third Eyelid - V8027, 
B-Third Eyelid – V8028 

4/194 

2007/0320 
(2010/0010) 

 Pharynx  1/195 

2007/1172 
(2010/0008) 

 Pharynx, 
Conjunctiva 
 

Pharynx – V8032 
Conjunctiva – V8032 

2/197 

2007/1434 
(2010/0011) 

Pen 150 Liver, Lung, 
Pharynx, 
Conjunctiva 
R1, 
Conjunctiva 

Conjunctiva R1 – V7827 
Conjunctiva R2 – V7827 
Conjunctiva L – V7827 

6/203 
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Acc. No. Animal 
ID’s 
(if given) 

Tissues 
Processed 

Virus Isolated Accession samples/Total  
samples processed 

R2, 
Conjunctiva L 

2008/0796 
(2010/0012) 

B-6009 Liver  1/204 

2008/0853 
(2010/0007) 

Pen 3 Cloaca, Eye, 
Pharynx 

Eye – V7833 
Pharynx – V8031 

3/207 

2008/0905 A,B,C,D,
E 

5 x Pharynx, 5 
x Conjunctiva 

A-Pharynx – V7832 
A-Conjunctiva – V7832 
B-Pharynx – V7828 
B-Conjunctiva – V7828 
C-Pharynx – V7829 
C-Conjunctiva – V7829 
D-Pharynx – V7830 
D-Conjunctiva – V7830 
E-Pharynx – V7831 
E-Conjunctiva – V7831 

10/217 

2008/0928 
(2010/0013) 

A,B,C 3 x Liver, 3 x 
Spleen 

 6/223 

2006/0748 
(2009/1134) 

11, 12, 14 3 x Pharynx, 3 
x Conjunctiva 

11-Pharynx – V8038 
12-Pharynx – V8020 
12-Conjunctiva – V8020 
14-Pharynx – V8021 
14-Conjunctiva – V8021 

6/229 

2006/0764 
(2009/1135) 

1, 2, 3, 4, 
5, 6 

6 x Pharynx, 5 
x Conjunctiva 

1-Pharynx – V8045 
2 Pharynx – V8039 
3-Pharynx – V8022 
3-Conjunctiva – V8022 
5-Pharynx – V8023 
5-Conjunctiva – V8023 
6-Pharynx – V8024 
6-Conjunctiva – V8024 

11/240 

2009/1025 Pen 131 Third Eyelid, 
Tonsil/Pharynx, 
Spleen, Liver, 
Lung, Brain, 
Kidney, 
Thymus 

Tonsil/Pharynx – V8042 
Brain – V8042 
Lung – V8042 
Kidney – V8042 
Thymus – V8042 
 

8/248 

2009/1061  Liver, Spleen  2/250 
2009/1062  Liver, Spleen, 

Thymus 
Liver – V8043 3/253 

2009/1072 Old Pen 3 
#63 

Spleen, Liver, 
Kidney, 
Thymus 

Kidney – V8037 
Liver – V8044 

4/257 

2009/0720 
(2010/0120) 

Freshwat
er Croc 

Spleen, Liver, 
Brain 

 3/260 

2009/0861 
(2010/0121) 

 Spleen, Liver, 
Tonsil, Lung, 

Tonsil – V8059 
Spleen – V8060 

5/265 
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Acc. No. Animal 
ID’s 
(if given) 

Tissues 
Processed 

Virus Isolated Accession samples/Total  
samples processed 

Skin Lesion Lung – V8060 
Liver – V8060 

2009/0885 
(2010/0122) 

Pen 104 
80/6 

Spleen, Liver  2/267 

2009/0939 400/40/5
0/4 

Spleen, Liver, 
Pharynx, 
Conjunctiva, 
Brain 

Liver – V8056 
Conjunctiva – V8056 
Spleen – V8056 
Pharynx – V8056 
Brain – V8056 

5/272 

2009/0951 60/70/2 Spleen, Liver, 
Lung, Pharynx, 
Conjunctiva, 
Clot, Brain, 
Heart 

Lung – V8053 
Liver – V8053 
Pharynx – V8053 
Conjunctiva – V8053 

8/280 

2009/0995  Spleen, Liver  2/282 
2007/0829 
(2010/0052) 

1, 2, 3, 4, 
5, 6, 7, 8, 
9, 10, 11, 
12, 13, 
14, 15, 
16, 17, 
18, 19, 20 

20 x Liver, 20 x 
Spleen, 20 x 
Tonsil, 20 x 
Thymus 

4-Tonsil – V8058 
1-Tonsil – V8062 
2-Liver – V8063 
2-Tonsil – V8063 
5-Tonsil – V8179 

80/362 

2005/1714 
(2010/0113) 

1, 2, 3, 4, 
5 

5 x Tonsil, 5 x 
Kidney, 5 x 
Lung, 5 x Brain 

 20/382 

2010/0096 Croc Spleen, Liver  2/384 
2010/0097 400/40/5

0/4 
Spleen, Liver, 
Conjunctiva, 
Tonsil/Pharynx 

Conjunctiva – V8061, 
Tonsil/Pharynx – V8061 

4/388 

 
 
2010/0104 

 
 
400/50/2 

 
 
Spleen, Liver, 
Conjunctiva, 
Tonsil/Pharynx 

Conjunctiva - V8178, 
Tonsil/Pharynx – V8178 

 
 
4/392 

2009/0156 
(2010/0159) 

Pen 350 Liver, Lung, 
Spleen, Kidney, 
Eye, Brain, 
Pericardial 
Fluid 

Liver – V8180,  
Eye – V8180 

7/399 

2010/0002 A, B 2 x Liver, 2 x 
Spleen, 2 x 
Conjunctiva, 2 
x Skin 

A-Skin – V8176,  
A-Conjunctiva – V8176,  
B-Skin – V8177,  
B-Conjunctiva – V8177 

8/407 

2010/0287 D1, D2, 
D3, D4, 
D5, D6, 
D7, D8 

8 x Lung, 8 x 
Liver, 8 x 
Kidney, 8 x 
Spleen, 8 x 
Tonsil, 8 x 
Brain 

D1-Kidney – V8232,  
D1-Liver – V8232,  
D1-Lung – V8232,  
D2-Kidney – V8233,  
D2-Liver – V8233,  
D2-Lung – V8233,  

48/455 
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Acc. No. Animal 
ID’s 
(if given) 

Tissues 
Processed 

Virus Isolated Accession samples/Total  
samples processed 

D3-Kidney – V8234,  
D3-Brain – V8234,  
D3-Liver – V8234,  
D4-Liver – V8289,  
D4-Kidney – V8289,  
D4-Lung – V8289,  
D4-Brain – V8289,  
D5-Kidney – V8290,  
D5-Liver – V8290,  
D5-Lung – V8290,  
D5-Brain – V8290,  
D5-Tonsil – V8290,  
D6-Lung – V8291,  
D6-Kidney – V8291,  
D6-Liver – V8291,  
D7-Kidney – V8301,  
D7-Lung – V8301,  
D7-Brain – V8301,  
D7-Liver – V8301,  
D7-Tonsil – V8301,  
D8-Kidney – V8302 
D8-Lung – V8302,  
D8-Spleen – V8302,  
D6-Brain – V8302, 
 D8-Liver – V8302 

2010/0499 Freshwat
er Croc 

Lung, Kidney, 
Liver, Skin, 
Tongue Swab 

 5/460 

2010/0512 Croc1, 
Croc2 

2 x Brain, 2 x 
Liver, 2 x 
Kidney, 1 x 
Spleen 

 7/467 

2010/0559 Freshwat
er Croc 

EDTA, Kidney, 
Liver, Spleen, 
Lung 

EDTA – V8216,  
Liver – V8216,  
Lung – V8216,  
Spleen – V8216 

5/472 

2010/0593 Freshwat
er Croc 1, 
Freshwat
er Croc 2 

2 x EDTA, 2 x 
Liver, 2 x 
Kidney, 2 x 
Lung, 2 x 
Spleen, 1 x 
Pharyngeal 
Swab(2) 

Croc 1-Liver – V8229,  
Croc 1 – EDTA – V8229,  
Croc 2-Liver – V8230,  
Croc 2-Kidney – V8230,  
Croc 2-Lung – V8230,  
Croc 2-EDTA – V8230,  

11/483 

2010/0615 Freshwat
er Croc 

1 x EDTA EDTA – V8239 1/484 

2010/0625 Croc 1 x EDTA, 1 x 
Kidney, 1 x 
Spleen, 1 x 
Skin, 1 x Lung, 
1 x 

Conjunctival Swab – V8223 7/491 
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(if given) 

Tissues 
Processed 

Virus Isolated Accession samples/Total  
samples processed 

Conjunctival 
Swab 

2010/0358 Pen 248 
Scutes 
131/100T 

Kidney, Liver, 
Lung, Tonsil, 
Brain 

Lung – V8248,  
Brain – V8248,  
Tonsil – V8248 

5/496 

2009/0834 
(2010/0830) 

500/60/4/
5/10S 

Liver, Spleen, 
Tonsil 

Tonsil – V8315 3/499 

2009/0835 
(2010/0831) 

30/50/8 Liver  1/500 

2009/0693 
(2010/0829) 

Croc 1, 
Croc 2 

2 x Liver, 2 x 
Spleen, 1 x 
Kidney, 1 x 
Lung, 1 x Brain 
Swab 

 7/507 

2010/0871 Croc 1 Liver, Spleen, 
Lung, Brain, 
Tonsil, Kidney 

Kidney – V8364,  
Brain – V8364, 
Lung – V8364, 
Liver – V8364 

6/513 

2010/0965 C.porosus Conjunctiva, 
Tonsil, Lung, 
Spleen, Brain, 
Clot, Kidney, 
Liver 

 8/521 

2010/0966 C.johnsto
ni 

Tonsil, Lung, 
Brain, Kidney, 
Clot, Liver, 
Spleen, 
Conjunctival 
Swab 

Liver – V8346 8/529 

2009/1006  EDTA  1/530 
2010/1212 BJ43 Foreleg Skin, 

Brain, Tonsil, 
Lung, Spleen, 
Liver, Kidney, 
Hindleg Skin, 
Eyelid Skin 

Foreleg Skin – V8450,  
Hindleg Skin – V8459,  
Eyelid Skin – V8459,  
Kidney – V8458 

9/539 

2010/1247 Freshie Spleen, Liver, 
Lung, Brain, 
Kidney, Tonsil 

Tonsil – V8454 6/545 

2011/0130 BP-47, 
CK50 

4 x Skin Lesion 
, 2 x Brain, 2 x 
Conjunctiva, 2 
x Kidney, 2 x 
Liver, 2 x 
Tonsil  

BP-47-Skin Lesion – V8490, 
CK50-Skin Lesion – V8510 

14/559 

2011/0205 1,2,3,4 4 x Kidney, 4 x 
Brain 

 8/567 

2011/0214 Juv Liver, Kidney  2/569 
2011/0616 2466, 

0912, 
3 x Serosa, 1 x 
Mesentery 

 4/573 
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Virus Isolated Accession samples/Total  
samples processed 

1332 
2011/0670 #2 Kidney, Tonsil, 

Brain, 
Conjunctiva, 
Liver, Spleen 

Kidney – V8611 6/579 

2011/0671 4429 Kidney, Liver, 
Serosa 

 3/582 

2011/0702 116 Lung, Liver, 
Kidney, Spleen 

 4/586 

2011/0717 1,2 2 x Liver, 1 x 
Spleen, 2 x 
Brain, 1 x 
Conjunctiva, 2 
x Kidney, 2 x 
Lung, 2 x 
Pharynx, 2 x 
Tonsil 

1-Brain – V8661,  
1-Pharynx – V8661,  
2-Brain – V8662,  
2-Conjunctiva – V8662,  
2-Lung – V8662,  
2-Pharynx – V8662 

14/600 

2011/0744 Pen 230 Liver, Kidney, 
Brain, 
Conjunctiva, 
Lung, Spleen, 
Tonsil 

Tonsil – V8633,  
Brain – V8633,  
Spleen – V8633,  
Kidney – V8633,  
Liver – V8633,  
Conjunctiva – V8633 

7/607 

2011/0748 Freshie Skin, Brain, 
Cornea, 
Kidney, Liver, 
Spleen, Tonsil 

 7/614 

2011/0909  Liver, Brain, 
Kidney, Lung, 
Pharynx, Tonsil 

 6/620 
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