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ABSTRACT: The study of secretive snakes, such as rattlesnakes, has benefited from the use of
radiotelemetry. However, the principal assumption in telemetry studies is that the transmitter has
no significant effect on the study animal. To test the validity of this assumption, the physiologic and
pathologic effects of intracoelomic implants were examined in a group of 24 eastern massasauga
rattlesnakes (Sistrurus catenatus catenatus) in a laboratory setting over a period of 58 wk between
March 2005 and April 2006. Inflammation and infection were evaluated using gross examination,
histopathology, bacteriology, hematology, and plasma protein electrophoresis. Inflammation and
infection occurred despite careful surgical procedures and advanced veterinary care. Four of 12
(33%) snakes developed extensive inflammatory response to the transmitter and associated
anaerobic and gram-negative bacterial infections. Another four (33%) snakes showed mild
inflammatory responses without infection. Reaction to the transmitters was reflected in changes in
values for heterophils, monocytes, alpha-1, and beta globulin levels. Some conclusions reached in
field studies using implanted radiotransmitters in snakes may be invalid if the implant influences
the behavior or survival of the subject. Advances in attachment methods and transmitter coating
technology may prevent some of the adverse effects associated with surgically implanted
transmitters.

Key words: Hematology, implant, infection, massasauga rattlesnake, protein electrophoresis,
radiotransmitter, Sistrurus catenatus, surgery.

INTRODUCTION

The cryptic nature of rattlesnakes
makes detailed field studies of these
animals difficult and time consuming.
However, it is possible to find and observe
these secretive reptiles at virtually any
time with the use of radiotelemetry
(Karesh, 1999). The principal assumption
made in any telemetry study is that the
transmitter has no significant effect on the
study animal (Gursky, 1998; Millspaugh
and Marzluff, 2001). Some studies in other
taxa suggest that carrying a transmitter
may indeed have adverse effects, includ-
ing energy costs (Pennycuick et al., 1990;
Gessamen et al., 1991; Godfrey et al.,
2003), increased stress (Creel et al., 1997;
Suedkamp Wells et al., 2003), impaired
mobility (Olsen et al., 1992; Putaala et al.,
1997), changes in behavior, nutrition, and
reproductive success (Livezey, 1990; Hub-
bard et al., 1998; Reed et al., 2005), and

even mortality (Burger et al., 1991). The
impact of transmitters in snakes has
received little attention (Murray and
Fuller, 2000). A published commentary
on regulations and logistics of implanting
radiotransmitters encouraged more criti-
cal consideration in the choice of trans-
mitters, protocols, equipment, anesthetic
methods, and surgical environment (An-
derson and Talcott, 2006).

Although transmitters are constructed
with materials that are intended to be
nonreactive, it is not unreasonable to
assume that individual snakes might react
to this large foreign body. Evidence of
infection or inflammation may be revealed
by bacteriologic examination of the trans-
mitter, as well as gross and histologic
examination of the surrounding tissue
upon removal of the transmitter. Hema-
tology and plasma protein electrophoresis
(PPE) analysis can yield evidence of
inflammation, infection, or damage to
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various organs and tissues (O’Connell et
al., 2005). Although the use of PPE in
snakes has not been reported previously, it
is used in birds and mammals to assist in
the diagnosis of various conditions, includ-
ing inflammation, infection, neoplasia, and
nutritional and metabolic disease (Tatum
et al., 2000; Zaias and Cray, 2002). It has
been proposed as a health assessment tool
in evaluating injuries (Hosseinzadeh Co-
lagar and Jafari, 2007) and diseases (Zaias
and Cray, 2002) of turtles and other
reptiles.

Any study to evaluate the potential
effects of a transmitter requires the use
of control and treatment animals (Jemison
et al., 1995; Millspaugh and Marzluff,
2001). The conservative and secretive
nature of snakes means that it would be
very difficult to monitor a control group of
free-ranging animals. For this reason, a
controlled laboratory setting utilizing cap-
tive snakes provides the best opportunity
to elucidate the effects of transmitters on
rattlesnakes. Here, we report physiologic
and pathologic findings, including infec-
tion, systemic immune response, and
histopathology associated with surgically
implanted transmitters, in a group of
young eastern massasauga rattlesnakes
(Sistrurus catenatus catenatus). The proj-
ect was approved by the Toronto Zoo
Animal Care and Research Committee
(project 2004-11-03).

MATERIALS AND METHODS

The eastern massasauga rattlesnakes used in
this study were selected based on reliable
feeding history from two litters born within
1 mo of each other to two wild-caught females
in July and August 2003. Twenty-four (12 male
and 12 female) snakes were used in this study.
They were housed individually in 18-l poly-
carbonate boxes approximately 30 cm wide,
45 cm deep, and 23 cm high (Cambro
Manufacturing Company, Huntington Beach,
California, USA). Cages were illuminated
(12 hr on, 12 hr off) by a double-strip 40-watt
fluorescent light fixture suspended approxi-
mately 20 cm above them. Photophase com-
menced at 7:00 AM and scotophase at 7:00 PM.
Ambient room temperature ranged from a

mean low of 25.4 C to a mean high of 28.2 C.
Enclosures had paper towel as a substrate, a
12.5-cm-diameter plastic hide box, and a
shallow water dish. Snakes were offered
freshly killed adult laboratory mice (Mus
musculus; average weight [ 6SE] 5
23.160.2 g), once a week for the first 3 mo
and every second week thereafter. Water was
available at all times. The snakes were
maintained under this regime through the
winter months when they would normally have
been hibernating. Snakes were 18 mo old and
deemed to be adult size, with a mean weight of
21764.3 g, at the time of surgery.

The rattlesnakes were randomly assigned to
three treatment groups. Twelve snakes (six
males and six females) received surgically
implanted transmitters. Six (three males and
three females) received a sham operation in
which the coelomic cavity was opened and
then closed without implantation of a trans-
mitter. Six (three males and three females)
served as control animals and underwent
anesthetic procedures without surgery.

The surgical implantations were performed
in the veterinary hospital at Toronto Zoo. A
slightly modified version of the technique of
intracoelomic placement of transmitters de-
scribed by Webb and Shine (1997) was used in
which the entire transmitter package was
placed within the coelom. Transmitters (model
SI-2, Holohil, Carp, Ontario, Canada) were
prepared for implantation as described by
Webb and Shine (1997). Briefly, the antenna
wire of each transmitter was measured and cut
to correspond with the size of the snake to be
implanted (antenna wire should end 2–3 cm
cranial to the cloaca). The antenna wire was
inserted into a length of silastic silicone tubing
(cat 508-007, Dow Corning, Midland, Michi-
gan, USA), and the transmitter and the ends of
the silastic tubing were dipped into silicone
sealant (flowable sealant 734, Dow Corning).
The transmitters were then allowed to dry and
cure for at least 48 hr before being sterilized
using low-temperature vaporized hydrogen
peroxide (Sterrad, Advanced Sterilization
Products, Irvine, California, USA). This meth-
od of sterilizing surgical equipment was
considered effective; therefore, the surface of
each transmitter was not cultured at the time
of insertion in the body cavity. Final average
weight of transmitters was 10.660.1 g (range:
10.0 to 11.4 g), which was ,5% of the body
weight of each snake.

All implant surgeries were performed under
sterile conditions, and a separate set of surgical
instruments was used for each snake. Snakes
fasted at least 4 days prior to surgery in March
2005 and all subsequent blood sampling
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events. Snakes were captured and manually
restrained using a clear acetate tube. Within
1 min of capture, 7.5 mg/kg of propofol
(Novopharm, Toronto, Ontario, Canada) was
injected into the ventral coccygeal vein for
induction of anesthesia. Induction using this
method was rapid (approximately 1 min).
Snakes were then intubated using an intrave-
nous catheter (Abbocath-T, Abbott Canada,
Saint-Laurent, Québec, Canada; 16 or 18 ga,
depending on size of snake) as an endotracheal
tube and ventilated approximately four times
per minute. Oxygen, nitrous oxide (1 l/min
each), and isoflurane (Aerrane, Baxter, Mis-
sissauga, Ontario, Canada) were delivered via
a precision vaporizer with a Bain’s anesthetic
circuit for the remainder of the surgery.

Massasaugas are relatively short and thick-
bodied; therefore, selection of the implanta-
tion site must take into consideration the
location of organs, which are situated closer
together than in some other snakes. The
insertion site used in this study minimized
potential impact on lung function because a
massasauga’s lung is comparatively short and
terminates at approximately the level of the
heart. For implanted snakes and sham-oper-
ated snakes, the incision point was calculated
as 60% of the snout-vent length (measured
from the snout), so that the placement of the
transmitter was just caudal to the liver in the
left ventral quadrant of the coelomic cavity.
The antenna wire was directed caudally in the
coelom. The tip of the antenna was gripped
within the jaws of a 33-cm laparoscopic
grasping forceps and advanced along the
internal surface of the body wall caudally to
its full length, the antenna was released, and
the forceps were withdrawn. The body of the
transmitter was sutured to the ribs and body
wall with 5/0 poliglecaprone (Monocryl, Ethi-
con, Somerville, New Jersey, USA). The skin
was sutured using 4/0 poliglecaprone in a
continuous horizontal mattress pattern.

Immediately after surgery, transmitter-im-
planted and sham-operated snakes received an
injection of meloxicam (Metacam, Boehringer,
Burlington, Ontario, Canada) at 0.1 mg/kg
subcutaneously for postsurgical analgesia, and
the antibiotic ceftazidime (Fortaz, Glaxo-
SmithKline, Mississauga, Ontario, Canada) at
25 mg/kg was administered for the prevention
of postoperative infection. Antibiotics and
analgesics were repeated 72 hr after surgery
for the implanted and sham-surgery snakes.
The six control snakes were not given antibi-
otics or analgesics.

Postoperative medical examinations were
performed under the same general anesthetic
regime at 1, 3, 6, and 14 mo postsurgery. All

snakes were weighed monthly during the
study. At 14 mo postsurgery, when all
transmitters were removed, the intracoelomic
transmitters were often encapsulated to vary-
ing degrees in loose vascular connective tissue
and epithelium. The antennas were free of any
connective tissue and were readily removed
from the coelomic cavity. Any encapsulating
tissue surrounding the device was biopsied
and submitted for histopathologic examina-
tion. Further, after opening a tissue capsule,
swabs of the transmitter and any associated
exudate were submitted for aerobic and
anaerobic bacterial culture. Histopathologic
and bacteriologic findings were graded using
the following key: grade 1—no adhesion, little
to no inflammatory infiltrate; grade 2—minor
adhesions, mild inflammatory infiltrate, no
bacteria cultured; grade 3—prominent adhe-
sions, prominent inflammatory infiltrate, mi-
croabscessation, bacteria cultured; and grade
4—prominent adhesions, necrosis, caseous
exudate, abscessation, bacteria cultured.

Blood samples (0.8 ml) were collected via
cardiocentesis from each snake under anes-
thesia during the physical examination before
surgery (time 0) and at 1, 3, 6, and 14 mo
postsurgery. On a few occasions (5/120 sam-
ples), cardiocentesis did not yield a sufficient
sample, and blood was collected from the
ventral coccygeal vein. All blood samples were
collected following a fasting period and within
the same 6-hr period.

The sample was immediately subdivided
into two blood collection vials: 0.3 ml into
lithium heparin, and the remaining 0.5 ml in a
serum separator tube (Microtainer, Becton
Dickinson, Franklin Lakes, New Jersey, USA).
Blood counts were performed promptly (#1 hr
after collection). Total erythrocyte counts and
hemoglobin determination were performed
using a particle counter and hemoglobinome-
ter, respectively (Beckman Coulter, Missis-
sauga, Ontario, Canada). Granulocyte counts
were performed manually using the eosinophil
Unopette method with a Neubauer hemocy-
tometer. For determination of hematocrit
(HCT), blood samples were centrifuged on a
microhematocrit centrifuge (StatSpin MP,
IRIS International, Westwood, Massachusetts,
USA) for 2 min at 14,000 3 G. The serum was
separated by centrifugation at 2000 3 G for
10 min. Samples were then refrigerated at 2 C
prior to biochemical and electrophoretic
analysis at a commercial laboratory.

Serum biochemistry, including total protein,
was performed using a Roche Hitachi 917
chemistry analyzer using Roche reagents for
total protein, albumin, aspartate aminotrans-
ferase (AST), creatine kinase (CK), amylase,
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glucose, calcium (Ca), phosphorus (P), sodium
(Na), potassium (K), Na/K ratio, chloride (Cl),
and uric acid. Total protein was also obtained
with a calibrated Reichert-Jung refractometer
(Cambridge Instruments, Buffalo, New York).
Plasma globulin and albumin/globulin (A/G)
ratio were calculated from albumin and total
protein. Protein electrophoresis was per-
formed with a clinical densitometer gel
electrophoresis system (Appraise, Beckman
Coulter). Electrophoretogram fractions were
calculated using the total protein from the
Roche Hitachi 917 chemistry analyzer. Hema-
tology, biochemistry, and electrophoretic data
were evaluated for evidence of inflammatory
reaction or infection.

Data were examined for normality of
distributions using the Kolmogorov-Smirnov
test. Lymphocyte counts, aspartate amino-
transferase (AST), creatine kinase (CK), and
uric acid (UA) data were not normally
distributed, and a logarithmic transformation
was performed. Transformation failed to
normalize AST data. In cases where outliers
are responsible for non-normality, transforma-
tions are not very useful, and nonparametric
techniques and robust estimators are recom-
mended (Miller, 1997). The Welch statistic
was used as a robust estimator for analysis of
variance (ANOVA) results in these cases.
Homogeneity of variances was examined using
Levene’s equal variance test. Where variances
were not equally distributed (Levene’s equal
variance test failed), the Welch statistic is
reported for ANOVA results.

One-way ANOVA with treatment group as
the dependent variable was used to examine
effects of treatment on hematology values.
Using GLM Multivariate Analysis in SPSS
(version 15.0, 2006, SPSS Inc., Chicago,
Illinois, USA), similar to Sievert (1989),
repeated measures ANOVA was used to exam-
ine differences in hematology values among
treatment groups, changes in hematology val-
ues over time, and temporal effects (treat-
ment-time interaction). Post-hoc analyses of
multiple pair-wise contrasts were conducted
using Fisher’s least-significant-difference test.
Biochemistry and protein plasma electropho-
resis values were examined similarly.

To more fully evaluate the data, measures of
effect size in ANOVA were calculated. Mea-
sures of effect size provide a means of
determining the meaningfulness of the find-
ings. Eta squared (g2) and partial eta squared
(gp

2) were used to describe the amount of
variance in the sample accounted for by the
independent variable (Cohen, 1988). A more
liberal alpha was used for some parameters in
this study, as was done in a study of foraging,

habitat selection, and thermoregulation in
black ratsnakes (Elaphe obsoleta; Blouin-De-
mers and Weatherhead, 2001). Increasing the
alpha value for these tests to 0.10 compensated
for the small sample size in the trials,
increased power, and could better detect
differences in variation. A paired t-test for
equality of means was used to detect signifi-
cant differences in data from the control and
sham groups in each trial. Similar to Allender
et al. (2006) and Forsman (2000), if no
significant difference was detected (a50.05),
the control and sham groups were combined
in order to explore further the significance of
any differences between snakes with transmit-
ters and those without.

Based on the results of histopathologic and
bacteriologic examination of the transmitters
and surrounding tissues (reported later here-
in), it was possible to subdivide the transmitter
group in order to evaluate the effects more
precisely. The first transmitter subgroup
(transmitter 1+2) consisted of eight snakes in
which little or no histopathologic and bacteri-
ologic reaction was detected (grade 1 and
grade 2 tissue reactions). The second subgroup
(transmitter 3+4) was composed of four snakes
in which moderate to severe histopathologic
and bacteriologic reactions were detected
(grade 3 and grade 4 tissue reactions).

All data were examined when grouped
according to the original treatment groups
(control, sham, and transmitter). Data were
also examined after combining the control and
sham groups (if a t-test showed no difference
between these groups), and after dividing the
transmitter group according to histopathology
and bacteriology as already mentioned. Means
are reported as mean6standard error. All
statistical analyses were performed with SPSS.

RESULTS

All snakes survived for the duration of
the study. During the month prior to
surgery, 16% of snakes in each group
refused at least one meal. During the first
postoperative month, 58% of the trans-
mitter snakes refused at least one meal,
compared with 33% control and sham
groups. During the second postoperative
month, 42% transmitter snakes refused at
least one meal compared with none of the
control and sham groups. One snake, the
only grade 4, refused food more frequent-
ly postoperatively than any other snake.
During the 2 mo prior to surgery, this
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same snake did not refuse any meals.
Histopathologic and bacteriologic exami-
nations were performed only on transmit-
ter snakes since the control and sham
snakes had no transmitters or associated
tissue capsules to examine. The previously
implanted intracoelomic transmitters were
usually encapsulated to varying degrees in
loose vascular connective tissue and epi-
thelium. Photographs of grade 1 and grade
4 reactions are presented in Figure 1.

Four snakes (33%) had grade 1 reac-
tions. In these cases, the transmitter
capsules were clear, thin, and well devel-
oped with no exudate and minimal adhe-
sion to the transmitter. Histologically, the

capsules were characterized by loose
vascular connective tissue and simple
cuboidal epithelium with eosinophilic
cytoplasm (Fig. 2A). No bacteria were
cultured. Four snakes (33%) had grade 2
reactions. These transmitter capsules ap-
peared clean with little exudate and
minimal adhesion. Histology of grade 2
reactions was characterized by loose con-
nective tissue with scattered lymphoplas-
macytic cells, macrophages, and rare
heterophils. A focal small granuloma
characterized by low numbers of macro-
phages around a piece of refractile foreign
material, possibly glove powder adherent
to the silicone coating, was seen in one
snake (Fig. 2B). No bacteria were cul-
tured. Three snakes (25%) had grade 3
reactions. The transmitters and capsules
had a small amount of caseous exudate
with variable adhesion and inflammatory
reaction. Bacteria cultured included Clos-
tridium sp., Enterococcus sp., and mixed
anaerobes. Histology of grade 3 biopsies
was characterized by abscesses with a
central core of eosinophilic necrotic cell
debris and coccobacillary bacteria sur-
rounded by a wide zone of macrophage
and migrating heterophils, and a periph-
eral zone of concentric fibrous connective
tissue. Many heterophils were evident in
adjacent connective tissue (Figs. 2C, D).
One snake had a grade 4 reaction
(Fig. 1B). The transmitter was well em-
bedded in a thick capsule with large
amount of brown exudate covering the
transmitter. Bacteria cultured include
Clostridium sp., E. coli, Pseudomonas
aeruginosa, and Morganella morganii.
Histology revealed loose collagenous con-
nective tissue with large numbers of
heterophils, lymphocytes, and macrophag-
es. Within this tissue, there were numer-
ous abscesses with a central core of
eosinophilic necrotic cell debris and small
dark-staining coccoid to coccobacillary
bacteria (Figs. 3A, B, C).

Laboratory test results prior to any
treatments were pooled for the purpose
of calculating reference values (Tables 1–

FIGURE 1. Photographs of grade 1 (A) and grade
4 (B) histopathologic and bacteriologic reactions
when radio transmitters were surgically removed
from eastern massasauga rattlesnakes after 14 mo.
Note the thick fibrous capsule and extensive caseous
exudate covering the grade 4 transmitter.
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4). Laboratory test results for control,
sham, and transmitter groups are present-
ed in Tables 1 and 2. Results comparing
control+sham, transmitter 1+2, and trans-
mitter 3+4 groups are shown in Tables 3
and 4. No significant differences were
found between treatment groups (control,
sham, and transmitter, control+sham,
transmitter 1+2, and transmitter 3+4
groups) at each sampling time for the
following parameters: total white blood
cell count (WBC), total red blood cell
count (RBC), HCT, mean corpuscular
hemoglobin concentration (MCHC), total
protein, albumin, globulin, glucose, potas-
sium, sodium/potassium (Na/K) ratio, cal-

cium, and phosphorus. Only significant
findings are discussed here.

One month following surgery, the
transmitter group had higher heterophil
counts than control snakes (P50.034,
g250.198). Transmitter snakes also had
higher mean basophil count compared to
sham group snakes (P50.008, g250.291)
and to control group snakes (P50.062,
g250.156). Six months after surgery,
transmitter snakes had lower uric acid
levels than both control snakes (P50.019,
g250.236) and sham snakes (P50.089,
g250.131).

At 14 mo, the transmitter snakes had
significantly higher AST activity than the

FIGURE 2. A. Photomicrograph of tissue of an eastern massasauga rattlesnake surrounding implanted
radio transmitter exhibiting Grade 1 histopathologic reaction characterized by loose vascular connective tissue
and simple cuboidal epithelium (line arrow). B. Grade 2 reaction showing loose connective tissue (a) with
scattered lymphoplasmacytic cells, macrophages, and heterophils. Refractile foreign material is surrounded by
a few macrophages (solid arrow). C. Grade 3 reaction showing abscess (open arrow) with a central core of
eosinophilic necrotic debris and coccobacillary bacteria. D. Close-up of Figure 2C showing abscess
surrounded by a wide zone of macrophages (b), concentric fibrous connective tissue (c), and migrating
heterophils (dashed arrow; H&E stain).
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sham snakes (P50.052, g250.298). This
was also higher than in the control group.
Although this difference was not signifi-
cant (P50.277), the eta-squared value
(g250.095) indicated a medium treatment
effect size on AST activity. However, one
snake in the transmitter group had the
highest mean AST activity recorded in this
study (14 mo AST5168 IU/l) and was
largely responsible for the high mean
reported for this group.

There was a significant effect of time
and treatment on hemoglobin (Hgb) levels
for transmitter 1+2, transmitter 3+4, and
control+sham data (Wilks’ lambda
F(8,36)52.853, P50.015, gp

250.388).
Transmitter 3+4 snakes had lower mean
Hgb levels than control+sham group
snakes 6 mo after surgery (P50.089,
g250.139). Values of g2 suggest a medi-
um treatment effect size on hemoglobin of
the transmitter 1+2 group, both at 6 mo
(P50.243, g250.065) and at 14 mo post-
surgery (P50.225, g250.070). There was
also a significant linear trend toward
increased Hgb with time for all snakes
(F(1,21)577.077, P,0.001, gp

250.786).
Transmitter 3+4 snakes had a higher

monocyte counts (P,0.05, g2.0.183)
than other groups 1 mo and 6 mo after
surgery. Transmitter 3+4 snakes had
significantly lower mean sodium
(F(3,20)54.004, P50.022, gp

250.375) and
chloride (Welch F(2,21)55.337, P50.024,
g250.334) levels at 14 mo than any other
snakes. At the end of the study, transmit-
ter 3+4 snakes had higher mean lympho-
cyte counts than at time zero (P50.055), at
3 mo (P50.088), and at 6 mo (P50.031).

Pooled data from all snakes showed the
highest mean CK activity at all beginning
of the study (time 0). This was due in large
part because two snakes in the sham group
had the highest CK activity measured
during the study (7669 IU/l and 3295 IU/
l, respectively). There was a significant
time effect on amylase activity (Wilks’
lambda F(4,18)54.425, P50.012, gp

25

0.496). Control group snakes had a
significantly lower initial amylase activity

FIGURE 3. Photomicrograph showing histopath-
ologic reaction of eastern massasauga rattlesnakes to
an implanted radio transmitter. A. Grade 4 reaction
illustrating abscess in transmitter capsule (open
arrow). B. Close-up of abscess in Figure 3A showing
central core of eosinophilic debris surrounded by a
wide zone of macrophages (b), and concentric
fibrous connective tissue (c). Surrounding connective
tissue contains numerous heterophils (dashed arrow)
and lymphocytes (line arrow; d). C. Grade 4 reaction
showing inflammatory infiltrate in necrotic tissue (e),
and dark staining bacteria (solid arrow; H&E stain).
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than at any other time for the same group
(Wilks’ lambda50.571, F(4,18)54.136,
P50.015, gp

250.479). At 3 mo, amylase
activity in transmitter snakes was signifi-
cantly higher than both the initial activity
and the 14-mo activity (Wilks’ lambda
50.582, F(4,18)53.226, P50.036, gp

25

0.418).

Electrophoresis revealed the following
protein fractions: albumin, alpha-1 globu-
lin, alpha-2 globulin, beta globulin, and
gamma globulin (Figs. 4, 5). Alpha-1
globulin differed significantly between
treatment groups at 3 mo (F(2,21)55.471,
P50.005, g250.402). Transmitter snakes
had lower alpha-1 levels than both the

TABLE 1. Mean (6SE) hematologic parameters and biochemistries at intervals up to 14 mo postimplant for
treatment groups: control, sham, and transmitter (Trans) for eastern massasauga rattlesnakes implanted with
radio transmitters.

Parameterc

Mean6SE

Time50
1 mo 3 mo

Pooled Control Sham Trans Control Sham Trans

WBC (3109/l) 3.660.5 1.960.4 2.860.5 3.560.6 2.661.1 2.661.0 2.860.5
RBC (31012/l) 0.8160.03 0.8360.03 0.8060.03 0.8160.05 0.8860.03 0.9560.02 0.8860.02
HCT (%) 2961 2861 2861 2861 3061 3261 2961
MCHC (g/l) 378611 410615 41066 390614 412613 42068 42667
HGB (g/l) 10964 11663 11467 10966 12565 13464 12563
Heterophils

(3109/l) 0.1960.03 0.1360.03b 0.2560.05 0.3260.06b 0.0960.03 0.1160.02 0.1660.03
Monocytes

(3109/l) 0.3360.04 0.2660.05 0.4360.08 0.3960.07 0.2660.08 0.2360.03 0.3160.04
Lymphocytes

(3109/l) 3.0460.42 1.4860.32 2.1360.35 2.7160.61 2.1061.00 2.2760.95 2.2960.47
Basophils

(3109/l) 0.0760.01 0.0460.01a 0.0360.01b 0.0860.01a 0.0560.02 0.0260.01 0.0460.01
Total protein

(g/l) 62.662.1 68.267.0 65.567.1 62.163.3 60.264.2 55.764.6 56.462.9
Albumin (g/l) 14.660.4 14.860.9 15.560.9 15.160.4 14.060.4 12.360.4 13.360.4
Globulin(g/l) 31.660.9 36.264.5 31.763.1 31.261.4 30.861.6 29.562.2 29.961.5
A/G ratio 0.4760.02 0.4260.04 0.4860.03 0.4960.01 0.4660.02 0.4360.03 0.4560.01
AST (IU/l) 30.164.3 17.064.4 15.260.3 26.365.7 17.263.1 19.564.4 20.064.2
CK (IU/l) 1,0246327 506688 3906166 8666172a 4966133 450693 5006120
Amylase (IU/l) 4,2636226 4,9716609 5,0316709 4,1346289 5,1386605 4,8076483 4,4506345b

Glucose
(mmol/l) 3.160.2 3.760.5 2.960.2 3.560.2 3.660.2 3.160.3 3.460.3

Uric acid
(mmol/l) 206618 164624 136618 178620 191620b 235649a 179621a

Sodium (mmol/l) 16261 16161 16161 16261 16061 16061 16161
Potassium

(mmol/l) 4.860.1 4.5602 4.260.1 4.660.2 4.360.1 4.460.1 4.560.1
Na/K ratio 34.461.0 36.761.5 38.760.5 35.861.8 37.260.9 37.061.4 35.960.9
Chloride

(mmol/l) 12561 12361 12261 12461 12761 12961 12961
Calcium

(mmol/l) 4.760.4 6.462.1 7.361.8 4.360.5 4.861.0 5.160.9 4.860.6
Phosphorus

(mmol/l) 1.860.1 3.060.9 2.460.5 1.760.1 1.860.3 1.860.2 1.760.2

a Statistically significant difference P,0.1.
b Statistically significant difference P,0.05.
c WBC 5 white blood cell; RBC 5 red blood cell; HCT 5 hematocrit; MCHC 5 mean corpuscular hemoglobin

concentration; HGB 5 hemoglobin; A/G 5 albumin/globulin; AST 5 aspartate aminotransferase; CK 5 creatine kinase;
Na/K 5 sodium/potassium.
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control group snakes (P50.002, g25

0.380) and the sham-operated group
snakes (P50.035, g250.194). There was
a significant time and treatment group
interaction on alpha-1 globulin (Wilks’
lambda F(4,19)52.821, P50.054, gp

250.
373). Within the transmitter group, alpha-
1 globulin at 3 mo was significantly lower
than at 1 mo (P50.077), which was also
significantly lower than at time zero

(P50.006). Further, alpha-1 globulin at
6 mo was significantly higher than at 3 mo
(P,0.001).

Mean alpha-2 globulins levels differed
significantly over time (Wilks’ lambda
F(4,18)53.710, P50.023, gp

250.452).
Mean alpha-2 globulin levels at 14 mo
were greater than initial values for all
groups. Control snakes had a mean alpha-
2 globulin level at 14 mo that was

Mean6SE

6 mo 14 mo

Control Sham Trans Control Sham Trans

1.860.4 2.661.4 2.660.7 4.560.6 5.360.9 3.960.5
0.8860.00 0.8860.05 0.8860.03 0.8860.07 0.9860.03 0.9660.06

3262 3362 3161 3363 3762 3361
40467 40268 40864 376623 408619 388617
12866 13067 12764 13268 14367 13665

0.1060.04 0.1960.14 0.1960.08 0.2060.04 0.2760.10 0.186.04

0.2160.03 0.1660.03 0.2860.07 0.3860.13 0.2660.04 0.2860.03

1.4860.31 2.2361.22 2.1060.56 3.7960.50 4.6660.87 3.3860.47

0.0760.04 0.0560.03 0.0360.01 0.0460.02 0.0860.02 0.0860.02

59.564.2 56.364.1 57.162.5 68.863.7 63.763.0 60.461.9
14.560.6 14.060.6 14.060.5 16.260.5 15.360.7 14.360.5
31.761.9 31.261.9 30.761.1 35.762.0 33.062.5 31.960.8
0.4660.02 0.4560.03 0.4660.01 0.4660.02 0.4860.04 0.4560.01
14.263.2 13.762.7 23.364.3 22.263.3 9.061.1a 37.5613.1a

1,0946595 6996279 5236137 4276132 8086322 8696283
5,0996857 5,2126456 4,2436363 5,2126743 4,0866924 3,9306346b

3.160.2 3.360.1 3.460.1 3.260.2 2.860.1 2.860.1

250637 153614 208621 243633 273635 231617
15961a 16361 16361 16161 16862 16163a

4.660.1 4.360.3 4.260.3 4.460.3 3.760.4 4.360.2
34.761.1 38.862.8 41.564.0 38.363.7 48.866.9 38.761.8

12461b 12761 12861 12261a 13162 12663

5.061.1 5.760.9 4.560.4 6.061.2 5.261.0 4.360.6

1.660.3 1.560.2 1.460.1 1.860.5 1.660.4 1.260.1

TABLE 1. Extended.
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significantly higher than their 6-mo mean
level (P50.041). Sham group snakes had a
mean alpha-2 globulin value at 14 mo that
was significantly higher than their 1-mo
mean concentration (P50.090). Transmit-
ter group snakes had mean alpha-2
globulin levels at 3 mo and at 14 mo that
were significantly higher than their initial
mean alpha-2 globulin concentration
(P50.073 and P50.017, respectively).

Beta globulin levels showed a significant
time and treatment group interaction
(Wilks’ lambda F(8,38)52.153, P50.056,
gp

250.324). There was a significant dif-
ference between treatments groups at
14 mo (Welch F(2,13.5)55.646, P50.017,
g250.196). Transmitter 3+4 group snakes
had lower mean beta globulin levels than
the other treatment groups. Transmitter
3+4 snakes had lower 14-mo beta globulin
levels than the control group snakes
(P50.006, g250.438).

Gamma globulin levels differed signifi-
cantly at time 0 and at 6 mo (Welch
F(2,13.6)55.066, P50.023, g250.156; and
Welch F(2,8.9)54.138, P50.053, g250.152,
respectively). At time 0, transmitter 3+4
snakes had mean gamma globulin levels
that were significantly lower than the
control+sham group snakes (P50.069,
g250.148). At 6 mo, transmitter 3+4
snakes had significantly lower gamma

globulin levels than the transmitter 1+2
snakes (P50.067, g250.151).

DISCUSSION

Evaluations of the health status of
animals with implanted transmitters are
difficult during ongoing field studies, and
death may be the only indicator of an
adverse effect of the transmitter (Mulcahy,
2003). Further, the cause of death is often
not diagnosed and is frequently attributed
to other causes, such as predation. Path-
ologic examination of dead specimens is
essential for documenting deleterious
effects associated with surgical implants.
For living animals, hematologic screening
has been recommended as a rapid and
easy method for assessing the postsurgical
health of small mammals following trans-
mitter implantation surgery with mini-
mum disturbance to the animal (Reynolds,
1992) and also may be utilized in snakes
and other reptiles. The values obtained
from the massasauga rattlesnakes in this
investigation also provide a baseline for
comparison in future studies of this
species.

Suboptimal anesthetic and surgical
technique may contribute to adverse
effects in a study animal. All implant

FIGURE 5. Plasma protein electrophoretogram of
a transmitter-implanted eastern massasauga rattle-
snake at 1 mo postimplant showing the albumin (A),
alpha-1 globulin (B), alpha-2 globulin (C), beta
globulin (D), and gamma globulin (E) fractions.
The beta globulin fraction is elevated, which is
consistent with an acute inflammatory response.

FIGURE 4. Plasma protein electrophoretogram of
a control (nonimplanted) eastern massasauga rattle-
snake at 1 mo showing the albumin (A), alpha-1
globulin (B), alpha-2 globulin (C), beta globulin (D),
and gamma globulin (E) fractions.
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surgeries in this study were performed
under sterile hospital conditions. The
surgical implantation method used here
incorporated the best available practices
for surgical implantation of transmitters.
These included transmitter and antenna
preparation, sterilization of instruments
and transmitters, optimal surgical tech-
nique, and postoperative antibiotic thera-
py. Poliglecaprone-25 was selected since it
is a monofilament product with high
tensile strength, easy handling, minimal
tissue reactivity, and rapid degradation.
Very little information is available on
comparative absorption time or reaction
to suture material in reptiles (Govett et al.,
2004). Infections in implanted snakes are
often focused on the anchoring suture
material. We desired an absorbable prod-
uct to match the healing times of snakes
under laboratory conditions, so that any
experimental effect was caused by the
transmitter rather than the suture materi-
al. Other materials such as polyglactin or
polyglyconate have either been associated
with increased tissue reaction or have
slower degradation characteristics than
poliglecaprone (Govett et al., 2004).

Histopathologic examination of tissue
associated with the transmitters revealed
that 33% (4/12) of transmitter-equipped
snakes had grade 3 or higher reactions
with extensive and active inflammation
and mixed gram-negative bacteria present.
The inflammatory process in response to a
foreign body has been studied in snakes
and is characterized by heterophil and
macrophage (azurophil) infiltration, fol-
lowed by the participation of giant cells
and granuloma formation (Tucunduva et
al., 2001). The inflammatory response
seen histologically in 8/12 transmitter-
implanted snakes (grades 2, 3, and 4)
corresponds with this description, varying
from low-level diffuse cellular infiltrate
seen in grade 2 snakes to organizing
granulomatous reaction and exudation
associated with mixed bacterial infection
in grades 3 and 4.

These results, combined with the he-

matologic indicators of infection and
inflammation noted below, reaffirm the
need to perform implantation surgery
under sterile conditions, but they also
indicate that these techniques require
improvement. Under less ideal conditions,
it is expected that more animals would
develop postoperative inflammation, in-
fection, and experience subsequent mor-
bidity and mortality. Hematology and
biochemistry values from control and
pretreatment snakes in this study are
comparable to those reported for other
snake species (Diethelm and Stein, 2006).
Similar values for a population of wild
massasaugas have been reported (Allender
et al., 2006), although that study did not
include many of the parameters included
in this analysis. Leucocyte counts using
the eosinophil Unopette method em-
ployed here are subject to errors. Recent
opinion suggests that other methods may
be somewhat more accurate. However,
this was a comparative study, and the same
method and technician were used for all
the counts.

Differences in Hgb between the trans-
mitter 3+4 group and all other snakes
following surgery suggest that snakes
experiencing an inflammatory or infec-
tious reaction to a transmitter may also be
experiencing a normocytic, hypochromic
anemia. Anemia is often associated with
chronic inflammatory diseases and infec-
tion. The increases in Hgb over time for
all treatment groups may reflect age-
related changes similar to those seen in
birds (Hawkey et al., 1984; Howlett et al.,
2002).

Leukocyte responses in reptilian disease
also have been described, and changes in
cell counts can be interpreted in order to
diagnose illness (Campbell, 2006). The
role of leukocytes in reptiles has been
described (Terio, 2005; Mussart et al.,
2006; Jacobson, 2007). Following surgery,
heterophil counts increased in both the
sham and transmitter snakes but not in the
control snakes. This indicates that this
increase in heterophil count was associat-
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ed with the tissue trauma connected to the
surgical procedure. Monocyte (azurophil)
counts followed a similar pattern to that of
the heterophils, but the increase was
especially large in the transmitter 3+4
snakes. Increases in monocyte counts are
associated with more chronic stages of
infectious diseases and granulomatous
reaction to bacteria (Campbell, 2006).
This suggests that the rise in monocyte
count seen in the transmitter 3+4 snakes
was the result of infection and not simply
trauma from surgery. The higher basophil
and lymphocyte counts seen in all trans-
mitter snakes (not just those that devel-
oped overt infection) immediately follow-
ing surgery suggest an inflammatory
response to the transmitter, or that they
were all infected but some were able to
eliminate infection prior to biopsy at 14-
mo postsurgery.

Elevations in serum globulin levels and
hence decreases in the albumin/globulin
(A/G) ratio have been used as indicators of
inflammation and infection in mammals,
birds, and reptiles (Cray et al., 2001;
Gümüşsoy et al., 2004; Harr et al., 2006).
Statistically significant differences were
seen in the present study, but they are
difficult to interpret. The overall change
was toward an increase in A/G ratio as a
result of decreases in globulin levels with
time, but the responses of the different
globulin fractions were variable. However,
the high variability in A/G at time zero was
likely the result of laboratory variation;
these batches were not analyzed at the
same time, whereas samples at later time
points were analyzed as one batch.

The activity of serum enzymes can be
used to detect cellular damage in various
tissues. Aspartate aminotransferase (AST)
is an enzyme normally found in reptile
liver and muscle cells. The higher AST
activity in transmitter-implanted snakes at
the end of the study may indicate cellular
damage. Creatine kinase (CK) is consid-
ered to be a muscle-specific enzyme, and
increased CK activity in a blood sample is
considered an indicator of muscle damage

(Campbell, 2006). The very high mean CK
activity in the sham snakes at the begin-
ning of the trial was likely the result of two
snakes in this group that had the highest
CK recorded in the study. This may reflect
muscle exertion at the time of initial
restraint in these two individuals and
likely has no relation to treatment. Amy-
lase activity was much higher than that
reported in other reptiles, but the changes
observed are probably of no clinical
significance (Dutton and Taylor, 2003;
Bertelsen et al., 2007).

Plasma protein electrophoresis has been
used regularly in mammalian and avian
veterinary medicine, but only recently has
it been applied to the diagnosis of disease
in reptiles. Electrophoretic data are useful
in diagnosing chronic and acute inflam-
mation, chronic infection, nutritional,
neoplastic, or metabolic disease, and acute
healing of traumatic injuries (Tatum et al.,
2000; Zaias and Cray, 2000; Gicking et al.,
2004; Machado et al., 2006). Protein
electrophoresis has also been recommend-
ed for serially evaluating the response to
treatment (Hosseinzadeh Colagar and
Jafari, 2007). The utility of PPE for
assessing effects of surgically implanted
transmitters in snakes has not been
reported previously. Protein electrophore-
sis is used as an ancillary test to assist in
diagnosis of disease in mammals. In order
to further develop its use as a diagnostic
tool for reptiles, reference ranges for many
species, age groups, and situations need to
be established (Zaias and Cray, 2002).
This is the first report of the use of PPE in
massasauga rattlesnakes. Electrophoreto-
grams from a control snake at 1 mo
(Fig. 4) and a transmitter snake at 1 mo
(Fig. 5) illustrate the different protein
fractions.

Changes in plasma protein, revealed by
PPE, suggest an inflammatory response to
transmitter implantation. Following an
initial decrease in alpha-1 globulins, trans-
mitter-implanted snakes had significantly
higher alpha-1 globulin levels 6 mo after
surgery compared to the 3-mo levels.
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Increases in alpha-1 globulins are associ-
ated with acute inflammatory disease in
other species and here suggest the pres-
ence of a persistent inflammatory reaction
to the transmitters by the snakes. Beta
globulin in the transmitter 3+4 group was
the lowest of all snakes. Beta globulins in
mammals are a group of proteins associ-
ated with transport of iron and fat and are
involved in blood clotting and inflamma-
tory reactions. The beta globulin plasmin-
ogen plays an important role in wound
healing. Decreased beta globulin levels
may indicate exhaustion of plasminogen,
complement protein, or other components
of this fraction as a result of a prolonged
inflammatory response, or malnutrition
(Campbell, 2004). The latter may be the
case in the present study in view of the
postoperative anorexia in snakes with
surgically implanted transmitters.

Seven cases in which intracoelomic
transmitters implanted by researchers in
Ontario were removed from massasaugas
by the authors were, in large part, the
impetus for the current study. A retro-
spective review of these cases was per-
formed to compare those cases to the
results of our current study. The snakes
were all adults, and the transmitters used
were the same model as those used in this
study. Transmitters had been implanted
using the method described by Reinert
and Cundall (1982) using sterile surgical
technique. Gross pathologic, histopatho-
logic, and bacteriologic evidence of in-
flammation and infection was present in
all cases. Using the reaction grading scale
described previously, only one snake
would be considered grade 1; two were
grade 3; and four were grade 4. Over 85%

of the snakes had a severe inflammatory or
infectious reaction associated with the
surgically implanted transmitter. Bacteria
cultured from the transmitter locations
included Citrobacter freundii, Clostridium
perfringens, Enterococcus faecalis, Serra-
tia marcescens, and Serratia liquefaciens.
In one case, the transmitter antenna
protruded through the skin. This review

revealed a higher incidence of inflamma-
tion and infection than that seen in the
current study, which may be the result of
the different implantation method and
transmitter coating used.

A commonly used implantation tech-
nique involves inserting the antenna
subcutaneously (Reinert and Cundall,
1982). However, this technique can lead
to antenna erosion and skin penetration,
which predisposes the animal for local
infections that can become systemic and
lead to death. Insertion of the entire
transmitter package within the coelom
reduces the risk of cutaneous perforation.
This is one reason the implantation
technique used in this study was chosen,
rather than that described by Reinert and
Cundall (1982).

Field studies using implanted radio-
transmitters in snakes may yield invalid
results if the implant influences the
behavior or survival of the subject. A
review of necropsy reports from massa-
sauga rattlesnakes following a field study
further illustrates this point (L. Jackson,
pers. comm.). Three adult massasauga
rattlesnakes were transferred to a captive
environment following a field study in
1999 and 2000. These snakes had been
implanted with identical radiotransmitters,
and it was decided to leave the transmit-
ters in place rather than subject the
animals to another surgery to remove the
transmitter at the end of the study.
Necropsy of these snakes upon their
deaths in 2005 and 2006 found the cause
of death to be severe bacterial infection
and systemic inflammation associated with
the implanted transmitter (Zoo/Exotic
Pathology Service, Citrus Heights, Cali-
fornia, USA). Surgical removal under
aseptic conditions following that study
likely would have prevented these deaths.
Given the high prevalence of significant
inflammation and infection shown here,
despite optimal implantation conditions,
we recommend that implanted telemetry
units be removed at the end of a telemetry
study or prior to the expected end of the
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battery life of the transmitter, in order to
reduce the potential for harmful compli-
cations.

Factors to be considered when surgi-
cally implanting transmitters in snakes
include the skill of the surgeon, selection
of appropriate materials, preparation of
the animal, use of aseptic technique, and
postoperative care. In particular, transmit-
ter coating material should be nonreactive
and suitable for long-term implantation.
The transmitters used in this study con-
sisted of sealed brass cylinders coated with
a butyl rubber compound and an outer
coating of silicone. The additional silicone
coating was applied because the authors’
previous experience of implanted snakes
demonstrated that inflammatory reactions,
particularly associated with the antenna,
occur frequently in snakes with this model
and technique of transmitter implantation.
Transmitter coatings that meet United
States Pharmacopeia class IV standards
for biocompatibility are available for
mammal implants, but they are not
currently offered for reptile implants.
Further, recent technological advances in
human medicine have led to the availabil-
ity of antimicrobial coatings that can be
applied to surgical implants. Postoperative
infections may be reduced or eliminated
by the antimicrobial properties of implant
surface coatings (e.g., Ewald et al., 2006).
Manufacturers of telemetry equipment
should be encouraged to investigate the
availability and practical application of
such technology for use in reptile telem-
etry. Biocompatibility of the transmitter
coating should be explored by researchers
wishing to improve the safety of surgically
implanted transmitters for all taxa.

While best-practice procedures may be
hard to achieve in field studies employing
invasive methods, we concur with Ander-
son and Talcott (2006) that continued
refinement of techniques will improve the
welfare of the animals and the validity of
the data obtained. In this study, inflam-
mation and infection occurred despite
careful surgical procedures and advanced

veterinary care. Further advances in
attachment methods and transmitter coat-
ing technology may prevent some adverse
effects associated with the surgically im-
planted transmitters currently used.
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