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Detection and Partial Characterization of an 
Atadenovirus in a Common Agama (Agama agama)

Inna Ball, vet, Anke C. Stöhr, vet, ZB Reptilien, Maha D. Abbas, MSc, Rachel E. 
Marschang, PD, DVM, DECZM (Herpetology), FTÄ Mikrobiologie, ZB Reptilien

Fachgebiet für Umwelt und Tierhygiene, University of Hohenheim, Garbenstrasse 30, 
70599 Stuttgart, Germany

ABSTRACT: A common agama (Agama agama) with clinical signs of dehydration, anorexia, and an abscess 
in the oral cavity was presented for medical examination. Bacteriological testing of an oral swab demon-
strated the presence of Proteus vulgaris and Morganella morganii (Proteus morganii). A fecal examination 
showed oocysts of Choleoeimeria sp. and pinworm eggs. The animal died four days after examination. 
Samples from organs (liver, kidney, heart, and intestine) were collected for virological testing. An 
adenovirus was detected by polymerase chain reaction testing in the intestine. Analyses of the partial 
DNA-dependent–DNA-polymerase gene sequence of this adenovirus showed that the detected adenovirus 
clustered with members of the genus Atadenovirus.

KEY WORDS: Adenovirus, Agama agama, Atadenovirus, common agama, PCR.

INTRODUCTION

Adenoviruses (AdVs) are middle-sized (80–110 nm), non-
enveloped, icosahedral, double-stranded DNA viruses. 
Adenoviruses have been detected in many different hosts, 
from fish to mammals. The family Adenoviridae contains 
five genera: the genus Mastadenovirus containing AdVs of 
mammals; Aviadenovirus containing AdVs of birds; Ataden-
ovirus containing AdVs of reptiles, birds, and mammals; 
Siadenovirus containing AdVs of amphibians, chelonians, 
and birds; and Ichtadenovirus containing AdVs of fish 
(Jacobson, 2007; Farkas and Gál, 2009; Papp et al., 2009; 
Rivera et al., 2009; Marschang, 2011). Recently, Farkas and 
Gál (2009) detected a new box turtle AdV that did not clus-
ter to any of the previously mentioned genera. However, 
analysis of this virus is based on relatively short sequence 
data, and further investigations are needed to establish the 
exact taxonomic position of this exceptional virus. All squa-
mate AdVs described thus far are members of the genus 
Atadenovirus (Wellehan et al., 2004). To date, only one 
squamate AdV has been classified as a species in this genus 
(snake AdV-1). Partial sequences from about 11 additional 
squamate AdVs are available, but these have not yet been 
accepted as separate species (http://www.vmri.hu/~harrach/
AdVtaxlong.htm).

Adenoviruses are frequently detected in various lizard 
species, with a large proportion being seen in members of 
the genus Pogona. Examples of this include a captive eastern 
bearded dragon (Pogona barbata) (Julian and Durham., 
1985), juvenile captive bred Rankin´s dragons (Pogona 
henrylawsonii) (Frye et al., 1994), a central netted dragon 
(Ctenophorus nuchalis), and a western bearded dragon 
(Pogona minor minor) (Hyndman and Shilton, 2011). Aden-
oviruses have also been frequently detected in inland bearded 
dragons (Pogona vitticeps) (Jacobson et al., 1996; Kim et al., 
2002; Wellehan et al., 2004; Moormann et al., 2009). Aside 
from bearded dragons, AdVs have also been detected in 
Mexican beaded lizards (Heloderma horridum), Gila mon-
sters (Heloderma suspectum), an emerald monitor (Varanus 

prasinus) (Papp et al., 2009), a Savannah monitor (Varanus 
exanthematicus) (Jacobson and Kollias, 1986), a Jackson´s 
chameleon (Chamaeleo jacksoni) (Jacobson and Gardiner, 
1990), fat-tail geckos (Hemitheconyx caudicinctus), leopard 
geckos (Eublepharis macularius), a tokay gecko (Gekko 
gecko), a blue tongued skink (Tiliqua scincoides intermedia) 
(Wellehan et al., 2004), and an adult mountain chameleon 
(Chameleo montium) (Kinsel et al., 1997, Wellehan et al., 
2004).

The most commonly described clinical signs in lizards 
infected with AdV include inappetance (Julian and Durham, 
1985), lethargy, limb paresis (Frye et al., 1994), weakness, 
and anorexia (Jacobson et al., 1996). Central nervous signs, 
including head tilt and circling (Kim et al., 2002), and 
gastrointestinal problems have also been described (Papp 
et al., 2009). Adenoviruses have also been detected in lizards 
without any clinical signs (Jacobson and Kollias, 1986; 
Hyndman and Shilton, 2011). Pathological changes 
described in lizards often involve the liver, which may be 
enlarged (Jacobson and Kollias, 1986), swollen, and dif-
fusely pale (Frye et al., 1994) or mottled, and the intestine 
(hemorrhage within the intestinal lumen) (Hyndman and 
Shilton, 2011). Adenoviruses have been diagnosed in lizards 
by polymerase chain reaction (PCR) (Wellehan et al., 2004; 
Papp et al., 2009) and electron microscopy examination 
(EM) of histopathological sections (Jacobson, 2007).

Adenoviruses have also been commonly described 
in snakes, including boa constrictors (Boa constrictor) 
(Jacobson et al., 1985; Ramis et al., 2000; Perkins et al., 
2001; Marschang et. al., 2003), corn snakes (Pantherophis 
guttatus) (Farkas et al., 2002; Abbas et al., 2011), royal 
pythons (Python regius) (Ogawa et al., 1992; Abbas et al., 
2011), rosy boas (Lichanura trivirgata) (Schumacher et al., 
1994), Sierra Mountain kingsnakes (Lampropeltis zonata 
multicincta) (Wozniak et al., 2000), a coastal mountain king-
snake (Lampropeltis zonata multifasciata) (Raymond et al., 
2003), a Mojave rattlesnake (Crotalus scutulatus) (Perkins 
et al., 2001), and a captive-born palm viper (Bothriechis 
marchi) (Raymond et al., 2002). A virus was successfully 
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isolated from a corn snake and completely sequenced 
(Juhász and Ahne, 1992). This virus is a member of the 
genus Atadenovirus and has been named snake adenovirus 1 
(SnAdV-1) (Farkas et al., 2002). Genetically distinct AdVs 
have also been reported in other colubrid snakes, including 
a corn snake, milk snake (Lampropeltis triangulum ssp.), 
bull snake (Pituophis catenifer sayi), and a California 
kingsnake (Lampropeltis getulus californiae), and named 
SnAdV-2 and SnAdV-3 (Garner et al., 2008). Clinical signs 
in snakes infected with AdV are similar to those described 
for lizards. The most commonly described pathological 
changes observed in infected snakes are: hepatic necrosis, 
enteritis, esophagitis, stomatitis, splenitis, and pneumonia. 
Histological changes described in infected reptiles include 
basophilic and eosinophilic intranuclear inclusions, and 
they have been documented in enterocytes, hepatocytes, 
glial cells, myocardial endothelial cells, and renal epithelial 
cells of infected animals (Jacobson, 2007).

CASE REPORT

A 2-year-old male common agama (Agama agama) was 
presented for medical examination attributable to anorexia 
and a swelling of the lower jaw. The animal had been 
purchased one month previously at a reptile trade fair and 
cohoused with another apparently healthy female common 
agama. The animal was believed to have been wild-caught. 
The presented animal was severely dehydrated and emaci-
ated. A swelling was noted in the mandible that was deter-
mined to be an abscess in the oral cavity causing osteolysis 
(Fig. 1). Initially, the animal was treated with fluid therapy 
with Ringer’s solution 10ml/kg SC (Fresenius Kabi Deut-
schland GmbH, Bad Homburg, Germany) and analgesia 
(Meloxicam, 0.1 mg/kg SC; Metacam®, Boehringer Ingel-
heim Pharma GmbH and Co. KG, Ingelheim am Rhein, 
Germany). Several hours later, a short anesthesia (Alfax-
olone, 5 mg/kg IV; Alfaxan®, Vétoquinol GmbH, Raven-
sburg, Germany) was induced to clean the wound in detail 

and to take a swab for bacterial testing. When the necrotic 
tissues were removed, the symphysis of the mandible proved 
to be fractured. The wound was rinsed using 1.5% hydrogen 
peroxide, and the two parts of the mandible were rostrally 
fixed with suture (Vicryl® 4-0, Johnson and Johnson Medi-
cal GmbH, Norderstedt, Germany). Over the following 
days, the animal was treated with antibiotics (Marbo-
floxacin, 10 mg/kg SC q 48 h; Marbocyl FD®, Vétoquinol 
GmbH, Ravensburg, Germany), analgesia (Meloxicam, 
0.1 mg/kg PO), and fluid therapy (Ringer’s solution 10 ml/kg 
SC q 24 h + CaMg solution 1 ml/kg SC). Supportive daily 
feeding consisted of Carnivore Care® (Oxbow Animal 
Health, Murdock, NE) 3 g/kg PO mixed with Critical Care® 
(Oxbow Animal Health) 1 g/kg PO and Bioserin® (WDT, 
Garbsen, Germany) 1 ml/kg q 8 h PO. Bacteriological test-
ing demonstrated a moderate number of Proteus vulgaris 
and Morganella morganii (Proteus morganii) in the oral 
cavity. Although both bacteria were sensitive to marbo-
floxacin, the animal died four days after presentation. Fecal 
examinations before death (native and flotation methods) 
showed Choleoeimeria sp. oocysts and pinworm eggs. Sam-
ples from various tissues (liver, kidney, heart, and intestine) 
were collected at necropsy and submitted in Dulbecco’s 
modified Eagle’s medium (DMEM; Biochrom AG, Berlin, 
Germany) supplemented with antibiotics (penicillin-G, 
1664 U/mg; streptomycin sulphate, 758 U/mg; gentamicin 
sulphate, 640 U/mg; and amphotericin B, 250 mg/ml) 
for virological testing. Oral and cloacal swabs from the 
cohoused female common agama were collected and sent 
for virological testing three months later.

Virus isolation: Tissue samples and swabs were sonicated in 
3 ml DMEM supplemented with antibiotics. The samples 
were centrifuged at low speed (2000 xg, 10 min) for the 
removal of cell debris and bacteria; 200 µl of the superna-
tant was inoculated into iguana heart cells (IgH2, ATCC: 
CCL-108) in 30 mm diameter Cellstar® tissue culture dishes 
(Greiner Bio-One GmbH, Frickenhausen, Germany). After 
incubating for 2 hours at 28ºC, 2 ml DMEM supplemented 
with 2% fetal calf serum (FCS) (Biochrom AG), 1% nones-
sential amino acids (Biochrom AG), and antibiotics were 
added to each dish. Samples were incubated for 7 days and 
observed regularly for cytopathic effects (CPE); however, 
no virus was isolated from any of the samples tested.

PCR and sequencing: DNA was extracted from each tissue 
sample using the DNAeasy® kit (Qiagen GmbH, Hilden, 
Germany). A nested PCR for the detection of AdVs was 
performed as described previously (Wellehan et al., 2004). 
All PCR products were separated on 1.5% agarose gels 
(Bioenzym, Oldendorf, Germany) in TAE buffer containing 
0.5 µg ethidium-bromide and visualized under 320 nm UV 
light. PCR amplicons were purified with a peqGOLD 
Extraction Kit (PEQLAB Biotechnology GmbH, Erlangen, 
Germany) and sequenced by a commercial company (Euro-
fins MWG GmbH, Ebersberg, Germany). The AdV consen-
sus nested PCR gave a positive signal with the posterior 
intestine sample. The positive second-round product was 
approximately 320 bp long. The samples obtained three 
months later from the cohoused female common agama 
were PCR negative.

Figure 1. Oral cavity of the common agama on the first day 
of presentation. Note the erythema of the oral mucosa and the 
abscess in the mandible.
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Figure 2. Phylogenetic distance tree of partial adenovirus DNA–polymerase amino acid sequences. The tree was generated using 
the Mega 5.05 program using the maximum-likelihood method. Bootstrap values above 50% (for 100 replications) are shown 
beside the branches; branches with lower bootstrap values are indicated with thick lines. The new Agama agama virus is shown in 
bold lettering. Abbreviations and GenBank accession numbers (in parentheses): B = bovine, C = canine, H = human, P = porcine, 
S = simian, T = turkey. Agamid AdVs (DQ077706 and EU914205), BAdV-1 (YP_094032), BAdV-2 (AP_000006), BAdV-3 
(AP_000026), BAdV-4 (AAK13183), BAdV-4 Rus (NP_077389), bat AdV (AB303301), bearded lizard (EU914207), CAdV-1 
(AAB05434), CAdV-2 (AAB38716), chameleonid AdV(AY576679), DAdV-1 (AP_000539), eublepharid AdV (AY576677), FAdV-
1 (AP_000410), FAdV-5 (DQ 159938), FAdV-9 (AC_000013), frog (AAF86924), gekkonid AdV (AY576681), Gila (AAS89696), 
HAdV-9 (CAI05960), HAdV-12 (CAA51882), HAdV-17 (AP_000143), MAdV-1 (AP_000342), ovine (AAD45950), PAdV-3 
(AB026117), PAdV-5 (AAK26504), parakeet AdV (EU056825), parrot AdV (AY644731), SAdV-1 (AAX19399), SAdV-3 
(AAT84618), scincid AdV (AY576682), snake-1 (AAL89790), snake-2 (ACH91014), sturgeon (AY082701), TAdV-3 (AAC64523), 
tortoise AdV (EU056826), varanus (ACH86253).
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The AdV was detected in the intestinal sample from this 
animal. AdV infections have been associated with hepatitis, 
esophagitis, enteritis, splenitis, nephritis, pneumonia, 
and encephalopathy in infected animals (Jacobson, 2007). 
Adenovirus infections have been described in association 
with concurrent infections (Jacobson et al., 1996; Kim et al., 
2002; Abbas et al., 2011) and as primary pathogens 
(Schumacher et al., 1994; Jacobson and Kollias, 1986; 
Jacobson and Gardiner, 1990; Ogawa et al., 1992). The 
pathogenicity of AdVs is not always clear; however, it has 
been demonstrated by experimental transmission in a 
neonatal boa constrictor inoculated with an AdV isolated 
from a boa constrictor with hepatic necrosis. The inoculated 
animal died within 14 days of inoculation with hepatic 
necrosis (Jacobson et al., 1985).

The comparison of the partial polymerase sequence of the 
newly detected AdV showed 74% identity to EuAdV-1, 
which was detected in leopard geckos. An apparently identi-
cal virus was also described in a fat-tail gecko; these viruses 
together were named EuAdV-1. In the former case, leopard 
geckos were also co-infected with Cryptosporidium spp. and 
demonstrated weight loss and died (Wellehan et al., 2004).

The clinical importance of this new AdV was not clear in 
this case, but it is possible that it contributed to the death of 
the animal. Further study is necessary to fully understand 
the effect of AdV infections in different reptile species. 
Although the sequence is short and bootstrap values at this 
branching of the tree are under 50, it is interesting that the 
Agamid AdV detected here clustered with Eublepharid 
AdV-1 and SnAdV-1 rather than with AdVs detected in 
other agamid species. Further sequencing is necessary to 
determine the exact taxonomic position of this virus.

Acknowledgments: This study was supported by Morris 
Animal Foundation. We would like to thank Tibor Papp 
for providing the sequence database.
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the Eublepharid AdV-1. The sequence was submitted to the 
GenBank and received the accession number KC155825.

DISCUSSION

This is the first report of the detection of an AdV in a 
common agama. Stomatitis and oral abscesses are not typi-
cal findings in AdV infections. Co-infection of this animal 
with an AdV, Proteus spp., and various endoparasites 
(Choleoeimeria sp. and pinworms) in combination with the 
stress of transport most likely influenced the fatal course of 
disease in this case. The oral lesions were most likely caused 
by the bacterial infection. Infections with Choleoeimeria 
spp. have a high pathogenic potential and can lead to the 
obturation of the bile ducts, gallbladder dilatation, and 
fatalities (Sloboda and Modry, 2006).

Figure 3. Identity matrix of the amino acid sequence of the amplified DNA-polymerase gene region with other squamate 
atadenoviruses. For accession numbers, see legend of Figure 2.
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