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A B S T R A C T

Inclusion body disease (IBD) of boas and pythons is characterized by the intracytoplasmic accumula-
tion of an antigenic 68 kDa viral protein IBDP, more recently known as the nucleoprotein (NP) of the
reptarenaviruses. Blood samples of 131 captive boas and pythons (53 boa constrictors, Boa constrictor;
35 rainbow boas, Epicrates cenchria; 22 ball pythons, Python regius; 5 carpet pythons, Morelia spilota; 6
Burmese pythons, Python bivittatus; 4 Jamaican boas, Epicrates subflavus; 5 anacondas, Eunectes spp.; and
1 green tree python,Morelia viridis) were obtained from 28 collections in the USA. Diagnosis of IBD was
initially made by the identification of eosinophilic intracytoplasmic inclusion bodies in hematoxylin and
eosin (HE) stained blood films and isolated peripheral white blood cells (PWBC).

The overall prevalence of IBD in study snakes was 25/131 or 19% (95% CI = 12.4%, 25.8%) with boa con-
strictors being more commonly infected (22/53 or 41.5%; 95% CI = 28.2%, 54.8%) than other species in this
study. Of the 22 IBD positive boa constrictors, 87% were clinically healthy, 13% had various signs of chronic
illness, and none showed signs of central nervous system disease. Using a validated monoclonal anti-NP
antibody, NPwas confirmedwithin the isolated PWBC by immunohistochemical staining andWestern blots.
The presence of reptarenaviruses within blood samples of 27 boa constrictors and three rainbow boas was
also assessed by PCR. Among boa constrictors, very good agreements were shown between the observa-
tion of inclusion bodies (by HE stain) and the presence of NP (by immunohistochemistry, kappa = 0.92; and
Western blots, kappa = 0.89), or the presence of reptarenaviruses (by PCR; kappa = 0.92).

© 2016 Elsevier Ltd. All rights reserved.

Introduction

Inclusion body disease (IBD) is commonly seen in captive boa
constrictors (Boa constrictor), and occasionally in other species of
boas and pythons. Clinical signs of IBD are highly variable, and can
include anorexia, regurgitation, stomatitis, pneumonia, and lympho-
proliferative disorders. Some may show signs of central nervous
system disease, such as incoordination, disorientation, head tremors,
stargazing and opisthotonus. Others with IBD may lack any clini-
cal signs of illness and appear clinically healthy (Schumacher et al.,
1994; Carlisle-Nowak et al., 1998; Wozniak et al., 2000; Jacobson
et al., 2001; Vancraeynest et al., 2006; Chang and Jacobson, 2010;
Pees et al., 2010; Schilliger et al., 2011; Banajee et al., 2012; Stenglein

et al., 2012; Schmidt et al., 2013). The percentage of snakes with
sub-clinical IBD is unknown.

Inclusion body disease is characterized by the formation of in-
tracytoplasmic inclusion bodies in a variety of tissues. The inclusion
bodies are not membrane bound and consist of an insoluble 68 kDa
protein (IBDP more recently known as reptarenaviral nucleopro-
tein, NP; Wozniak et al., 2000; Stenglein et al., 2012; Bodewes et al.,
2013; Chang et al., 2013; Hetzel et al., 2013). Several arenaviruses
were discovered in IBD affected snakes, and have recently been taxo-
nomically assigned to a new genus Reptarenavirus in the family
Arenaviridae (Stenglein et al., 2012; Bodewes et al., 2013; Hetzel et al.,
2013; Radoshitzky et al., 2015). The link between reptarenavirus
infection and IBD has been bolstered by a strong correlation between
detection of viral RNA and inclusion bodies in infected snakes and
by the demonstration that infected cells in vivo and in vitro con-
tained inclusion bodies recognized by antibodies produced against
recombinant or purified reptarenavirus nucleoprotein (NP; Stenglein
et al., 2012; Chang et al., 2013; Hetzel et al., 2013). Several studies
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confirmed that the IBDP represented reptarenaviral NP: usingMALDI-
TOF/TOF, the peptide sequences of the viral NP isolated from the
infected cells matched with the translated amino acid sequences
of the reptarenavirus NP encoding RNA (Hetzel et al., 2013). Further,
using MS/MS analysis, the peptide sequences of IBDP purified from
the liver of IBD infected boa constrictors had a 90.5% coverage to
the amino acid sequences of the predicted reptarenaviral NP (Chang,
2012).

Using hematoxylin and eosin (HE) stained peripheral white blood
cells (PWBC) as our standard of diagnosis, 131 boid snakes from 28
collections were categorized into IBD+ or IBD−, and prevalence of
IBD was estimated from the studied snakes. Further, we assessed
the agreement between the observation of inclusion bodies by HE
staining and the detection of reptarenaviral NP by immunohisto-
chemical staining and Western blots, using a previously validated
mouse anti-IBDP monoclonal antibody (hereafter referred as anti-
NP mAb). Additionally, RNA isolated from PWBC of 27 boa
constrictors and three rainbow boas were tested for reptarenavirus
by qRT-PCR, and examined the concordance between the observa-
tion of inclusion bodies and the presence of viral RNA.

Materials and methods

Animal and sample collection

From 2010 to 2012, whole blood samples were obtained from the following
species of 131 captive boid snakes: boa constrictor (n = 53), rainbow boa (Epicrates
cenchria; n = 35), ball python (Python regius; n = 22), carpet python (Morelia spilota;
n = 5), Burmese python (Python bivittatus; n = 6), anaconda (Eunectes spp; n = 5), Ja-
maican boas (Epicrates subflavus; n = 4), and green tree python (Morelia viridis; n = 1).
The snakes were randomly selected from 28 collections with unknown prevalence
of IBD. Approximately 1 mL of whole blood samples collected from each snake by
cardiocentesis were added to collection tubes containing heparin, subsequently trans-
ferred to a refrigerator (4 °C) at University of Florida (UF) until being processed for
IBD testing within 24 h of arrival in the Zoological Medicine Infectious Disease Testing
Laboratory. The history of each snake was collected via email or telephone com-
munications. Blood sample collection from the snakes was permitted under University
of Florida Institutional Animal Care and Use Committee (Protocol 201101156; Ap-
proval date: 24 March 2009).

Blood sample preparation

A blood film of each sample was made on a charged microscopic slide (Shandon
Colorfrost Plus Slides; Thermo Scientific), air dried, and fixed in 100% methanol for
15min. The fixed blood filmwas stainedwith a published HE staining protocol (Chang
et al., 2013). The remaining whole blood samples were centrifuged for 10 min at
8500 g, and the plasma was removed. The pelleted blood cells were resuspended
with 0.5 to 1mL of phosphate buffered saline (PBS) and carefully layered over 300 μL
of lymphocyte separation media (LSM; Cellgro) in Microtainer tubes (REF365971,
BD). The tubes were centrifuged for 30min at 8500 g, after which the red blood cells
were pelleted in the bottom of the tube with the PWBC focused on the layer above
LSM. All the supernatants in the tube were collected, and the isolated PWBC were
pelleted then washed two times with 1 mL of PBS. A portion of the isolated PWBC
was resuspended in PBS, and applied onto three charged microscopic slides using
a centrifuge (Cytospin2 Centrifuge, Shandon). The remaining PWBC were stored in
−-20 °C for antigen detection experiments. One of the slides with isolated PWBC was
fixed in 10% neutral buffered formalin for 15 min, rinsed with running water and
air-dried. The fixed PWBC slides were HE stained with protocol used above. The two
remaining PWBC slides were stored in a freezer at −20 °C until IHC staining.

Classification of IBD-positive or IBD-negative

For the purposes of this study, identifying HE stained IBD inclusion bodies under
light microscopy was considered the standard for making IBD diagnosis. Snakes were
classified as IBD+ if the characteristic eosinophilic staining intracytoplasmic inclu-
sion bodies were identified in either a HE stained blood film or isolated PWBC.
Otherwise, snakes were classified as IBD−.

Reptarenaviral NP detection by IHC staining

The frozen slides with isolated PWBC were thawed, and air-dried overnight at
room temperature. The next day, the slides were fixed in 4% paraformaldehyde for
5 min, and washed two times (5 min each) with Tris buffered saline (TBS). The slides
were incubated in 0.25% Triton X-100 for 5min in order to permeabilize the cell mem-
brane. Subsequently, the slides were washed, and incubated with a ready-to-use
blocking solution (Peroxo-Block, Invitrogen) for 45 s. The slides were washed again,

and the remaining IHC staining procedures were performed manually using a vali-
dated anti-NP mAb following a published protocol (Chang et al., 2013). A negative
control slide of PWBC stained with non-specific mouse IgG (Mouse IgG Control An-
tibody, Vector Laboratories) as the primary antibody was performed parallel to the
testing slide. IHC positive (IHC+) was defined as presence of specific staining of the
inclusion bodies in comparison to the negative control. IHC negative (IHC−) was
defined as absence of specific staining of inclusion bodies in comparison to the neg-
ative control.

Reptarenaviral NP detection by Western blots

The PWBC pellet was frozen and thawed three times, followed by the addition
of 1:1 volume of a 2X lysing buffer (LB) containing 2% sodium dodecyl sulfate (SDS)
and 10% beta-mercaptoethanol (2-ME), subsequently solubilized by incubating at
95 °C for 10 min. Two microliters of the solubilized cell pellet was removed, diluted
10 fold with water, and the protein concentration was estimated using a Bradford
protein assay (Quick Start Bradford Protein Assay, Bio-Rad) following the manufac-
turer’s procedure. Except for a slight modification, the bovine serum albumin (BSA)
standards used in the Bradford protein assay contained the same background of SDS
and 2-ME as the diluted PWBC samples to be tested. A semi-purified IBD inclusion
body preparation (NP) was made from livers of IBD affected boa constrictors as pre-
viously described (Chang et al., 2013). The protein concentration of the NP preparation
was estimated using the procedure described above, and served as a positive control
in the Western blot detection assays.

For each sample, 20 μg of PWBC lysate was reduced by incubating with 4X sample
buffer (Laemmli SDS-Sample Buffer, Reducing, 4X, Boston BioProducts) at 95 °C for
10min, and resolved by 10% Tris-Glycine sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE). For each gel, a molecular weight marker (Precision Plus
Protein Dual Color Standards, Bio-Rad) was used, followed by a NP preparation (pos-
itive control), and eight isolated PWBC lysates were loaded respectively. The resolved
PWBC proteins were transblotted onto a 0.45 μm supported nitrocellulose mem-
brane (Bio-Rad), confirmed by a reversible membrane stain (MemCode, Pierce), and
blocked overnight in buffer (5% non-fat driedmilk/0.1% Tween20 in PBS). After washing
three times with wash buffer, the blot was cut into half, with the top part contain-
ing proteins with molecular weight >50 kDa, and the bottom part containing proteins
with molecular weights < 50 kDa. Anti-NP mAb in a dilution of 1:3000 in diluting
buffer (1% BSA in wash buffer) was applied to the top half of the blot, whereas a com-
mercial anti-beta-actin antibody (THE beta Actin Antibody, GenScript) in a dilution
of 1:3000 in diluting buffer was applied to the bottom half of the blot and served
as a control. After 1 h of incubation in room temperature, the blots were washed
three times, and incubated with a HRP-conjugated goat-anti-mouse antibody (Goat
Anti-Mouse IgG H + L-HRP Conjugate, Bio-Rad) in a 1:3000 dilution for 1 h. Follow-
ing threewashes, the reactive bandswere visualized by developingwith a colorimetric
substrate kit (Opti-4CN, Bio-Rad) following the manufacturer’s protocol. The blots
were rinsed with water and air-dried.

The PWBC sample that showed a 68 kDa reactive band detected with the mouse
anti-NPmAbwas interpreted asWestern blot positive (WB+). The sample that did not
show a 68 kDa reactive band, but was able to detect beta-actin was interpreted as
Western blot negative (WB−). The positive band of 42 kDa detected by anti-beta actin
antibody demonstrated that equivalent amount of PWBC was loaded in each well.

Reptarenavirus detection by PCR

Frozen PWBC of 27 boa constrictors and three rainbow boas were submitted to
the DeRisi Lab, University of San Francisco, for PCR analysis to detect the presence
of reptarenavirus RNA. The RNA extraction and qRT-PCR was performed as previ-
ously described (Stenglein et al., 2015). Briefly, RNA was extracted from PWBC using
the Trizol reagent (Life Tech), further purified using an RNA clean and concentrator-5
column (Zymo Research), and treated with DNase I (NEB). The RNA was reverse tran-
scribed into cDNA using Superscript III RT (Life Tech) and random hexamer priming.
Diluted cDNA was used as template in qPCR reactions using primers MDS-400 (5′-
TTCATTTCTTCATGRACTTTRTCAATC) and -402 (5′-GGSATAACAAAYTCACTTCAAATATC),
which amplify a region of the reptarenavirus glycoprotein gene. Agarose gel elec-
trophoresis and Sanger sequencing of amplicons confirmed positive PCR results.

Data analysis

Snakes were classified as IBD+ or IBD− based on findings from HE stained blood
films or PWBC. Further, snakes were classified as NP+ if viral protein was detected
by either IHC or Western blots, but were classified as NP− if viral protein was not
detected by either method. Snakes in which reptarenavirus RNA was detected by
qRT-PCR were classified as PCR+, whereas those in which RNAwas not detected were
classified as PCR−. The Kappa agreement between observation of inclusion bodies
(by HE) and the detection of NP (by IHC or WB), or the detection of reptarenavirus
RNA (by PCR) were calculated by a commercial software (MedCalc Statistical Soft-
ware version 13.2.2, MedCalc Software bvba, 20141). Kappa values 0, <0.4, 0.4–

1 See: http://www.medcalc.org (accessed 1 November 2016)

14 L. Chang et al. / The Veterinary Journal 218 (2016) 13–18

http://www.medcalc.org


0.75, >0.75, and 1were considered as no agreement, poor agreement, good agreement,
very good agreement, and perfect agreement, respectively.

Prevalence of IBD was calculated by dividing the number of IBD+ snakes by the
total number of snakes tested. Using the Fisher’s exact chi-square test, the propor-
tions of boa constrictors, ball pythons, and rainbow boas classified as IBD+ were
compared. Differences at P < 0.05 were considered statistically significant.

Results

Detection of reptarenaviral NP

A total of 131 blood samples from boas and pythons were
screened for the presence of reptarenaviral NP. Test results for all
snakes in this study are listed in Supplementary Table S1 and results
from selected species are summarized in Table 1.

Based on examination of the HE stained blood films, the char-
acteristic intracytoplasmic eosinophilic inclusion bodies were
identified in 19 of 52 boa constrictors and one of 35 rainbow boas;
none were found in other species (Table 1). By expanding the anal-
ysis to include HE stained PWBC (Fig. 1A), three additional boa
constrictors and two additional rainbow boas were found to be IBD+.
Altogether, based on screening with HE stain, 22 IBD+ boa constric-
tors and three IBD+ rainbow boas were identified (Table 1).

In this study, the PWBC slides of all snakes were stained with
IHC using a validated anti-NPmAb (Table 1; Fig. 1; Chang et al., 2013).
Of the 22 boa constrictors that were IBD+, 21 of them were IHC+
and one was IHC−. Of the 31 boa constrictors that were IBD−, one
was IHC+, and 30 were IHC−. All PWBC slides of the other species
in this study were IHC−.

UsingWestern blots, NP was readily detectable in 18 μg of PWBC
lysate obtained from a IBD+ boa constrictor, whereas samples that
were WB−when 20 μg of PWBC lysate was loaded, remained WB−
when repeated with 30 μg of PWBC lysate (Fig. 2). In this study, the
PWBC lysates of 38 (16 IBD+ and 22 IBD−) boa constrictors, 20 (all
IBD−) ball pythons, and 20 (3 IBD+ and 17 IBD−) rainbow boas were
tested for the presence of NP using Western blots. Of the 16 IBD+
boa constrictors, only one tested WB−. All 22 IBD− boa constric-
tors were negative for NP onWestern blots. The PWBC lysates from
ball pythons and rainbow boas testedWB− regardless of being IBD+
or IBD− (Table 1; Table S1).

Among the boa constrictors, the Kappa agreement between the
diagnosis of IBD by HE stain and the detection of NP by IHC stain
was very good (Kappa statistic = 0.92; 95% CI = 0.81, 1.0; Table 2).

The Kappa agreement between the diagnosis of IBD by HE stain and
the detection of NP byWestern blots was also very good (Kappa sta-
tistic = 0.89; 95% CI = 0.74, 1.0; Table 3). Because the reactivity of
mouse anti-NP mAb had not been validated for rainbow boas, and
no IBD+ cases were found in ball pythons, thus Kappa statistics were
not analyzed for these species.

Detection of reptarenavirus RNA

After the discovery of reptarenaviruses in 2012, 27 of the 53 boa
constrictors that were tested between 2010 and 2012 with suffi-
cient amounts of banked frozen PWBC pellets were submitted for
reptarenavirus testing by qRT-PCR. Among the 12 IBD+ (out of 22
IBD+) and 15 IBD− (out of 31 IBD−) boa constrictors, all IBD+ boa
constrictors determined by HE stain were PCR+, and except for one
IBD− boa tested PCR+, 14 (of 15) IBD− boa constrictors were PCR−
(Table 1 and Table S1). Of the 35 rainbow boas tested in this study,
the three tested IBD+ by HE stain were PCR−. The Kappa agree-
ments between the observation of inclusion bodies in the blood cells
and the detection of reptarenavirus RNA was very good (Kappa sta-
tistic = 0.92; 95% CI = 0.78, 1.00; Table 4).

Occurrence of IBD and clinical signs

Within the 131 captive snake populations studied, the preva-
lence of IBD was 19% (25/131; 95% CI = 12.4%, 25.8%), which was
higher in boa constrictors (22/53 or 42%), compared to ball pythons
(0/22) or rainbow boas (3/31 or 10%; P < 0.05, Table 1). Of the 22
IBD+ boa constrictors, 82% (18/22) were clinically healthy, 72% (13/
18) of those had a history of having contact with IBD+ boa
constrictors, and at least one had previously been pairedwith another
boa for breeding. Only 18.2% (4/22) of the IBD+ boa constrictors ex-
hibited signs of chronic illness (such as anorexia, chronic weight loss,
respiratory disease, regurgitation), with one that became ill after
breeding. None of the IBD+ boa constrictors exhibited signs of CNS
disease. However, of the 31 IBD− boa constrictors, 42% (13/31) were
showing various clinical signs of illness (such as anorexia, heavymite
infestation, and respiratory disease), including nine (9/31 or 29%)
with signs of CNS disease. Four of these snakes were necropsied and
no IBD inclusion bodies or NP were identified in any tissues, and
two of these snakes’ PWBC were found to be PCR−.

Table 1
Summarized test results of comparisons between the observation of inclusion bodies, the detection of reptarenavirus nucleoprotein (NP), and the presence of reptarenavirus
RNA in boa constrictors, ball pythons, and rainbow boas.

Testa,b Sample
type

Samples
(n)

Tested Positive Tested Negative

Number (%) Number checked by PCR PCR resultsc (+, −) Number (%) Number checked by PCR PCR results (+, −)

Boa constrictors
HE stain Blood film 52 19 (37) 9 9, 0 33 (63) 17 3, 14
HE stain PWBC 53 22 (42) 12 12, 0 31 (58) 15 1, 14
IHC stain PWBC 53 22 (42) 12 12, 0 31 (58) 15 1, 14
Western blot PWBC 38 15 (39) 11 11, 0 23 (61) 15 2, 13

Ball pythons
HE stain Blood film 22 0 0 22 (100) 0
HE stain PWBC 22 0 0 22 (100) 0
IHC stain PWBC 22 0 0 22 (100) 0
Western blot PWBC 20 0 0 20 (100) 0

Rainbow boas
HE stain Blood film 35 1 (3) 1 0, 1 34 (97) 2 0, 2
HE stain PWBC 35 3 (10) 3 0, 3 32 (91) 0
IHC stain PWBC 35 0 0 35 (100) 3 0, 3
Western blot PWBC 20 0 0 20 (100) 3 0, 3

HE, Hematoxylin and eosin; IHC, Immunohistochemistry; PWBC, Peripheral white blood cells.
a HE stain represented the observation of inclusion bodies.
b IHC stain and Western blots represented the detection of reptarenaviral NP.
c PCR represents the detection of reptarenavirus RNA.
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Discussion

To the authors’ knowledge, this is the first study that surveyed
the presence of reptarenavirus NP in circulating blood cells using
IHC. A validated anti-NP specific mAb (Chang et al., 2013) was used
to evaluate the staining of intracytoplasmic inclusion bodies in pu-
rified PWBC preparations. This study confirmed that inclusion bodies

observed in the circulating white blood cells were stainable using
an anti-NP mAb (Fig. 1). Using Western blots, NP was demon-
strated in the isolated PWBC of IBD+ boa constrictors (Fig. 2), but
not in IBD− boa constrictors. In previous studies, IBD inclusion bodies
within blood cells were examined by non-specific staining, such as
Wright Giemsa stain and Diff-Quik® stain (Pees et al., 2010; Schilliger
et al., 2011; Banajee et al., 2012; Keilwerth et al., 2012). However,
non-specific stains can label intracytoplasmic inclusion bodies un-
related to IBD, resulting in false positives (Chang and Jacobson, 2010;
Chang et al., 2013). In one boa constrictor (IB1075) and three rainbow
boas (IB1067, IB1078 and IB1081) the inclusion bodies found in HE
stained PWBC were not stained using IHC, indicating either false
positive diagnosis or lack of cross-reactivity between the viral NP
and the anti-NP mAb (Table S1). These PWBC samples were tested
for the presence of reptarenavirus RNA by qRT-PCR, and viral RNA
was detected in the boa constrictor (IB1075), but not detected in
the rainbow boas. This suggested that the NP produced by the
reptarenavirus in snake IB1075 may be a variant that does not cross
react with the anti-NP mAb, and the inclusion bodies found in the
rainbow boas may be a protein unrelated to IBD or a divergent
reptarenavirus that is not detected by our primers.

We found a very good agreement between the observation of
inclusion bodies by HE stain and the immuno-based detection
(IHC stain and Western blots) of NP (Tables 1, 2 and 3). Only two
exceptions were seen: in boa IB1053 inclusion bodies were only
found in the IHC stained PWBC, while in boa IB1075 inclusion
bodies were only found in the HE stained PWBC (Table S1). However,
reptarenavirus RNA was detected in both boas by qRT-PCR, sug-
gesting that they were indeed infected. Therefore, the ability of
detecting viral inclusion bodies or NP varies among different
methods. In the case of IB1053, although the anti-NP mAb clearly
labeled the IBD inclusion bodies, the inclusion bodies were ex-
tremely sporadic (<5 in one slide) and were missed in the HE
stained preparation, with the amount of NP insufficient to be
detected by Western blot. There are cases where IHC staining
might have an advantage over Western blots in detecting low
concentration of NP, with PCR serving as a more sensitive confir-
mation tool.

We found generally good agreement between qRT-PCR detec-
tion of viral RNA and the other testing methods among the 27 boa
constrictors tested by PCR. Samples that tested positive by at least
one non-PCR method (HE stained blood film, HE stained PWBC, IHC
stain, and Western blots) uniformly tested PCR+ (Table 1 and

Fig. 1. Cytospin preparation of peripheral white blood cells (PWBC) isolated from
a boa constrictor. A. The inclusion body disease (IBD) inclusions (arrows) stained
eosinophilic in hematoxylin and eosin stain. B. Using immunohistochemistry (IHC)
staining, the IBD inclusion bodies (arrows) stained dark brown with substrate DAB
(3, 3 - diaminobenzidine). C. The PWBC stained with nonspecific mouse antibody
as negative control for IHC staining. The inclusion bodies were not stained. Bar = 20 μm.

Table 2
The agreement betweena,b the observations of inclusion body disease (IBD) inclu-
sion bodies by hematoxylin and eosin (HE) stain and the detection of IBDP by
immunohistochemistry (IHC) in boa constrictors.

HE+ (IBD+) HE− (IBD−) Total

IHC+ 21 1 22
IHC− 1 30 31
Total 22 31 53

a Observed agreement = (21 + 30)/53 = 51/53 = 0.96.
b Kappa statistic = 0.92 (95% confidence interval, 0.81, 1.0).

Table 3
The agreement between the observations of inclusion body disease (IBD) inclusion
bodies by hematoxylin and eosin (HE) stain and the detection of nucleoprotein by
Western blots in boa constrictors.

HE+ (IBD+) HE− (IBD−) Total

Western blot+ 15 1 16
Western blot− 1 21 22
Total 16 22 38

Observed agreement = (15 + 21)/38 = 36/38 = 0.94.
Kappa statistic = 0.89 (95% confidence interval, 0.74, 1.0).

Table 4
The agreement betweena,b the observations of inclusion body disease (IBD) inclu-
sion bodies by hematoxylin and eosin (HE) stain and the detection of reptarenavirus
RNA in boa constrictors.

IBD + (HE +) IBD - (HE -) Total

PCR+ 12 1 13
PCR− 0 14 14
Total 12 15 27

a Observed agreement = (12 + 14)/26 = 26/27 = 0.96.
b Kappa statistic = 0.92 (95% confidence interval, 0.78, 1.00).

16 L. Chang et al. / The Veterinary Journal 218 (2016) 13–18



Table S1). Some samples that tested negative using a single method
were found to be PCR+, suggesting that a single negative test does
not rule out the possibility of being viral infected. Multiple methods
of blood testing will increase the level of confidence for making an-
temortem diagnosis of IBD in boa constrictors.

Based on the inoculation studies done by Schumacher et al. (1994)
and Wozniak et al. (2000), inclusion bodies were first observed in
visceral organs approximately 10 weeks post-inoculation. In those
studies, however, peripheral blood cells were not examined to de-
termine the presence or absence of IBD inclusion bodies. Therefore,
we do not know the reliability of the HE or IHC stained blood films
in making a diagnosis for IBD in early stage of diseases. Further
studies will be needed to determine the temporal sequence of ap-
pearance of inclusion bodies in various tissues.

In the current study, the prevalence of IBD in boa constrictors
was high (41.5%), and of these, 81.8% of the IBD+ boas appeared to
be clinically healthy. This may indicate that majority of boa con-
strictors with IBD are subclinical, and as a result, the true prevalence
of IBD may be far greater than realized. In this study, one subclini-
cal boa constrictor (IB1047) that tested IBD+ by the blood tests
(HE, IHC andWestern blots), remained positive a year later, despite
remaining clinically healthy. In the study of Wozniak et al. (2000),
no clinical signs were observed in boa constrictors up to a year
following inoculation with IBD+ liver homogenates, even though
characteristic inclusion bodies were evident in these snakes. Inter-
estingly, none of the IBD+ snakes diagnosed in this study exhibited
signs of CNS disease. Further, the snakes that were presented with
signs of CNS disease in this study were found to be IBD− (five
were confirmed by necropsy and two tested PCR−). Similarly, in-
clusion bodies have been found in the brain of boa constrictors
that did not show any apparent signs of CNS disease. Further
studies are needed to determine whether CNS diseases in boa
constrictors were associated with another pathogen or additional
factors may be involved in the development of CNS signs. It is
possible that ill snakes are more likely to be presented to veteri-
narians for examination, and therefore, IBD (as a primary or
concurrent disease) is more likely to be diagnosed and reported. If
this holds true, a knowledge bias of the clinical presentation of
IBD affected snakes in the literature may be expected.

Conclusions

Ante-mortem testing for IBD was performed using blood films
and purified PWBC cytological preparations obtained from 131 boas
and pythons. The blood cells were stained by HE or IHC with a vali-
dated anti-NP mAb. The IHC staining demonstrated the eosinophilic
intracytoplasmic inclusion bodies within the PWBC consisted of a
stainable NP. Western blots were used for confirmation of the NP.
PCR was used for detection of reptarenaviruses RNA in a subset of
samples. In boa constrictors, therewas very good agreement between
the presence of inclusion bodies and NP or reptarenavirus RNA. In
this study, the prevalence of IBD in captive boas and pythons was
19%, with a prevalence of 42% among boa constrictors. Of the IBD+
boa constrictors, 82%were clinically healthy. None of the IBD+ snakes
in this study exhibited signs of CNS disease.
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Fig. 2. Antigen detection by Western blot using peripheral white blood cells (PWBC) isolated from eight boa constrictors. Lane 1 contained molecular weight marker (Bio-
Rad, #161–0347), lane 2 contained 20 μg purified nucleoprotein (NP) as positive control. Lanes 3 to 10 each contained 20 μg of PWBC lysate from a boa constrictor. The top
portion of membrane was detected by anti-NP mAb, the thick arrow indicates the molecular weight of NP (68 kDa). The bottom portion of the membrane was detected
using anti-beta-actin antibody as a loading control, showing that relevant amounts of cell were loaded in each lane. The thin arrow indicated the molecular weight of beta-
actin (42 kDa). Lanes 6 and 8 were interpreted as Western blot positive, whereas others were interpreted as negative.
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