Journal of Avian Medicine and Surgery 21(1):13–21, 2007
’ 2007 by the Association of Avian Veterinarians

Inflammatory Reaction to Fabric Collars From
Percutaneous Antennas Attached to Intracoelomic Radio
Transmitters Implanted in Harlequin Ducks
(Histrionicus histrionicus)
Daniel M. Mulcahy, PhD, DVM, Dipl ACZM, K. A. Burek, DVM, MS, Dipl ACVP,
and Daniel Esler, MS, PhD
Abstract: In wild birds implanted intracoelomically with radio transmitters, a synthetic fabric
collar placed around the base of a percutaneous antenna is believed to function as a barrier to
contamination of the coelom. We examined 13 fabric collars recovered from percutaneous
antennas of radio transmitters implanted intracoelomically in harlequin ducks (Histrionicus
histrionicus) 12 months earlier. Both the transmitters and antenna collars were encapsulated in
fibrous connective tissue, with adhesions to internal organs. Histologically, bacteria were evident
at the fabric-plastic interface in 8 of 10 collars examined in cross section and along the length of
the collar in 3 collars examined longitudinally. Bacteria were confined within the fibrotic sheath
surrounding the transmitter and the antenna collar in all birds. No evidence of chronic systemic
effects secondary to implantation was present on hematologic or serum biochemical testing.
These findings indicate that antenna collars do not prevent the entry of bacteria along the
percutaneous antenna but may help stabilize the antenna and minimize coelomic contamination.
We conclude that radio transmitters implanted into the coelom of harlequin ducks do not
appear to cause significant health problems for at least 1 year after implantation.
Key words: implant, antenna, antenna collar, radio transmitter, avian, sea duck, harlequin duck,
Histrionicus histrionicus

Radio transmitters that use a percutaneous
antenna that maximizes signal output can now be
implanted into the avian coelom.17,18 The technique
was used to implant satellite transmitters into
spectacled eiders (Somateria fischeri), permitting
monitoring of the movements of implanted birds
migrating to molting and overwintering areas in
the Bering Sea.19,20 The technique was also used to
study seabirds.21 In more than 300 harlequin ducks
(Histrionicus histrionicus) that were implanted
with radio transmitters, the mortality rate was
low during surgery (1.5%) and the 14-day postrelease period (1.5%), when most complications
are expected to occur.22 Implanted transmitters
did not affect annual survival rates of harlequin
ducks because recapture rates of implanted birds
were identical to those of banded but not
implanted birds.23 Implanted transmitters were
found to be an unbiased method for estimating
survival of harlequin ducks.24

Introduction
Radio transmitters that are externally attached
to waterfowl can alter survival or return rates,1–4
behavior,5–8 and reproduction rates.1,2,6,8–10 External transmitters attached with sutures suffer
unacceptable rates of loss.1,11 Transmitters that
use internal coiled antennas12–16 implanted in the
coelom of mallards (Anas platyrhynchos) do not
affect reproduction.1 However, transmitters that
are completely implanted suffer transmission path
loss, which reduces signal strength and limits
detection range.
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Theoretically, the risks of coelomitis and
airsacculitis from pathogens migrating along
the antenna passage through the body wall are
controlled by the use of a fabric-covered tube
that forms a collar at the base of the antenna.
Histopathologic reactions of captive mallards to
the implant and the antenna collar occur as
soon as 28 days after implantation.18 The
purpose of this study was to determine if fabric
collars of percutaneous antennas prevent infection in free-ranging birds that were implanted
with radio transmitters. For this purpose, we
examined histologic, hematologic, and biochemical results in harlequin ducks that were
implanted with radio transmitters with percutaneous antennas and fabric collars 12 months
earlier.
Materials and Methods
Radio transmitters with percutaneous antennas
were implanted into 100 adult female harlequin
ducks captured in Prince William Sound, Alaska,
in 1995, as part of an oil spill recovery project that
examined overwinter survival of this species. All
surgeries were done onboard a chartered vessel.
The transmitters (Advanced Telemetry Systems,
Isanti, MN, USA) were roughly spherical in
shape (1.7–2.4 cm diameter), weighed 15 g, and
were embedded in resin. A 20-cm wire antenna
was attached to the transmitter. A custom
antenna collar (CBD-1, Vascath Corporation,
Mississauga, Ontario, Canada) was fitted to the
base of the antenna of each transmitter and sealed
with silicone adhesive. The collar consisted of
a 0.5-cm-wide strip of 100% polyester plush fabric
glued with silicone adhesive around the surface of
a plastic tube with a 2-mm internal diameter. The
surgical technique used for implantation was
previously described.22 Numbered aluminum US
Fish and Wildlife Service leg bands were applied
to all implanted birds, and the birds were returned
to their capture sites approximately 1 hour after
surgery.
In 1996, 17 of the birds implanted in 1995
were recaptured and identified by their leg-band
numbers. Because of the ongoing oil spill
recovery study and a reluctance to further
reduce a population already affected by the oil
spill, birds were not euthanatized to remove the
previously implanted transmitters. Transmitters
were surgically removed, and intact antenna
collars were recovered from 13 ducks. The birds
were anesthetized and prepared for surgery in
a manner identical to that used for the original

implantation.22 After making a midline incision,
viscera were retracted to the left side of the
coelom to reveal the transmitter. Each transmitter was covered with a fibrous capsule, the
ventral and rostral aspects of which contained
adhesions to internal organs. Adhesions were
partially broken down by blunt dissection, and
the fibrous covering of the transmitter was
incised with a scalpel blade along approximately
half the length of the transmitter body. The
transmitter was gently extracted from its covering, and moderate traction was applied to the
transmitter body to release the antenna collar
from its attachment to the internal body wall.
In some cases, pieces of the fibrous covering
remained attached to the antenna collar when it
was removed through the incision. The body
wall around the antenna at its exit site was not
dissected because of the potential for causing
significant morbidity. Applying traction to the
collar released the silicon adhesive holding it to
the antenna base and freeing the collar from the
antenna. The separated collars and the associated fibrous tissue were placed in 10% buffered
formalin, and the remaining fibrous covering
was left in the coelom. A 2-layer, simple
continuous suture closure (3-0 Vicryl, Ethicon
Inc, Somerville, NJ, USA) was used to repair
the incision, and the antenna exit site was
closed in a single layer with a simple interrupted
suture.
In 1995, blood samples were collected from 6
birds at the time that the radio transmitters
were implanted and again in 1996, when the
antenna collars were recovered and submitted
for histopathologic examination. In each case,
a 6-ml blood sample was collected from the
jugular vein. Whole blood smears were made on
glass microscope slides. A 2-ml aliquot of blood
was placed in a glass tube that contained
ethylenediaminetetraacetic acid, and the remainder of the blood was allowed to clot in a glass
tube at ambient temperature. The clotted blood
was centrifuged, and the serum was separated
and frozen at 220uC. Whole-blood and frozen
serum samples, packed in insulated boxes with
frozen gel packs, were picked up from the boat
by a float plane and flown to Cordova, Alaska,
where the samples were placed on a commercial
jet for shipment to a commercial laboratory
(Avian and Exotic Animal Clinical Pathology
Laboratories, Redondo Beach, CA, USA) for
hematologic and serum biochemical analysis.
Electrolyte, alkaline phosphatase, and gamma
glutamyltransferase levels were not measured
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in 1995. Results of hematologic testing and
serum biochemical analysis were compared with
reference values (D. M. M., unpublished data,
October 1997) established for this species.
Ten antenna collars with adherent tissue were
submitted for histopathologic examination and
were sectioned transversely. After examining
these initial samples, an additional 3 collars with
no visible adherent tissue were sectioned longitudinally to determine if bacteria had penetrated the
length of the collar and had been introduced into
the coelom. Because of the lack of adherent tissue,
further analysis and scoring were not done on
collars sectioned longitudinally. Sections were
stained with hematoxylin and eosin, trichrome
stain, and tissue Gram’s stain. Transverse sections
were scored for the presence and the amount of
collagen; the degree of granulocyte, plasma-cell,
and giant-cell infiltration; and the thickness of the
inflammatory membrane. Sections were scored
subjectively as mild, moderate, or severe inflammation based on the degree of inflammation, the
amount of degenerated debris, and the level of
fibrosis observed. To objectively score the number
of granulocytes (heterophils and eosinophils),
plasma cells, and multinucleated giant cells
present, cells in 10 fields were counted at 340
magnification, and mean and standard deviation
were calculated. Because inflammation predominately occurred along the interface between the
plastic tube and the attached fabric, fields were
chosen at that site. The degree of fibrosis was
scored according to a numerical scale: 1) very
light background of fine collagen fibers,
2) presence of some dense collagen fibers, and
3) markedly thickened tissue and separation of
antenna collar fibers by the presence of thick
collagen fibers. A mean fibrosis score was then
calculated.
Hematologic and biochemical data were tested
for normal distribution by using the Kolmogorov-Smirnov test. For normally distributed
data, means of data from 1995 and 1996 were
compared with reference values by 2-tailed paired
t test. For non-normally distributed data, medians were compared by using the Mann-Whitney
rank sum test.
The mean counts of granulocytes, plasma
cells, and multinucleated giant cells from collars
with bacteria were compared with those from
collars without bacteria by a 2-tailed t test.
Differences were considered statistically significant at P , .05. Statistical analyses were done
by using SigmaStat 3.01 (SPSS, Chicago, IL,
USA).
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Results
The US Fish and Wildlife Service leg bands
applied to birds implanted with transmitters in
1995 were necessary to identify birds captured in
1996 because antennas on many birds had broken
off at the skin level.25 Each transmitter had been
in place for approximately 12 months and could
be palpated as a firm, fixed mass in the right
caudal quadrant of the coelom.
Thirteen transmitters implanted in 1995 were
removed in 1996. The exit sites of the percutaneous antennas were well healed, with no visible
surrounding induration, redness, or exudate. Incision sites were also well healed, and scars were
either minimal or not visible. In all birds, the body
of the intracoelomic transmitter was covered with
a pink-to-red sheath of fibrous connective tissue
that was 1–2 mm thick. Transmitters were fixed in
place by adhesions to viscera and the body wall,
the fibrous covering, and the antenna collar at the
antenna exit site. Extensive adhesions at the site of
the previous surgical incision complicated surgical
removal of the transmitters, and transmitters had
to be removed by incising their fibrous coverings.
No abscesses or cysts were detected in the
coelomic cavity. Occasionally, a small amount of
caseous white material was found between the
transmitter and the fibrous covering.
Ten collars were examined histologically in cross
section and 3 in longitudinal section. Collars from
broken or unbroken antennas were not distinguished. In cross section, the inflammatory reaction was most pronounced within the fabric
adjacent to the plastic tube, where larger numbers
of granulocytes, lymphocytes, and plasma cells
were found relative to the more peripheral fabric
(Fig 1). A mild (n 5 1), moderate (n 5 6), or severe
(n 5 3) inflammatory reaction was characterized
by formation of a fibrous capsule infiltrated with
granulocytes, lymphocytes, plasma cells, and
multinucleated giant cells. Giant cells surrounding
the fibers were consistent with a foreign-body
reaction (Fig 2). A rim of degranulated granulocytes was visible adjacent to the plastic tubing in all
collars. Bacterial colonies, consisting primarily of
gram-positive cocci, were present in 8 of 10 collars
examined in cross section (Fig 3). Samples with
bacteria evident in the sections had higher mean
counts of granulocytes and plasma cells, and lower
mean counts of multinucleated giant cells than did
samples without bacteria, but these differences
were not significant (Table 1). In the 3 collars
examined longitudinally, bacterial contamination
extended the full length of the collar.

16

JOURNAL OF AVIAN MEDICINE AND SURGERY

Figure 1. Cross section of an antenna collar removed 12 months after a radio transmitter was implanted in
a harlequin duck. The external surface (long arrow) contains primarily collagen and small numbers of mixed
inflammatory cells. The interface with the plastic catheter tubing on the inner surface (left) contains a dense mat of
degranulated granulocytes and bacterial colonies. The velour fibers (short arrows) are yellow, refractile, and
distributed throughout the section. Hematoxylin and eosin. Bar 5 150 mm.

Figure 2. Cross section of an antenna collar removed from a harlequin duck, as described in Figure 1. The velour
fibers are yellow and refractile (short arrow). Most fibers are surrounded by a rim of multinucleated giant cells (long
arrow). Hematoxylin and eosin. Bar 5 40 mm.
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Figure 3. Cross section of an antenna collar removed from a harlequin duck, as described in Figure 1. A rim of
degranulated granulocytes (arrow) surrounded some of the velour fibers in all collars. Hematoxylin and eosin. Bar 5
40 mm. Inset: Bacteria surrounding the fibers and present within degranulated granulocytes along the inner rim of the
antenna collar in 8 of 10 collars examined. Bacteria are predominantly gram-positive cocci. Gram’s stain. Bar 5
10 mm.

2.4 mg/dl; P 5 .004). Compared with reference
values, the mean sodium level (205 mEq/L) was
slightly high in 1996, as was the median
percentage of monocytes in 1995, but differences
were not significant. Mean concentrations of
potassium and glucose were relatively low in both
years. All other mean or median values from both
years were within reference ranges.

Hematologic and biochemical values of 6 ducks
implanted and phlebotomized in 1995 were
compared with values obtained when they were
recaptured and phlebotomized in 1996, when the
antenna collars were removed. In these birds, only
lactate dehydrogenase, aspartate aminotransferase (AST), and uric acid concentrations differed
significantly between the 2 years (Table 2). Mean
(6standard deviation) lactate dehydrogenase
concentration was significantly lower in 1995
(347 6 119 IU/L) than in 1996 (483 6 166 IU/L)
(P 5 .008), as were concentrations of AST (1995:
56 6 11 IU/L; 1996: 83 6 16 IU/L; P 5 .004) and
uric acid (1995: 6.4 6 3.9 mg/dl; 1996: 11.7 6

Discussion
In this study, we found that fabric collars
attached to percutaneous antennas were not
a barrier to bacterial infection in harlequin ducks

Table 1. Number of inflammatory cells and fibrosis scores of 10 harlequin ducks from samples of velour fabric
antenna collars sectioned transversely with and without bacteria present.
Cell countsa
mean(6SD)
Collar samples

No.

Granulocytes

Plasma cells

Multinuclear giant cells

Fibrosis scoreb
mean(6SD)

Bacteria present
Bacteria absent

8
2

66 (51)
20 (18)

19 (13)
13 (10)

8 (6)
16 (1)

2 (0.7)
1 (0)

a

Cell counts are cells per high dry field (340).
Fibrosis is scored by a numerical scale: 1) very light background of fine collagen fibers, 2) presence of some dense collagen fibers,
and 3) markedly thickened tissue and separation of antenna collar fibers by thick collagen fibers.
b
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Table 2. Hematologic and serum biochemical results from 6 female harlequin ducks implanted with transmitters and
phlebotomized in 1995 and recaptured and phlebotomized in 1996 when the transmitters were removed.a
1996

Reference intervalb

(1.7)
(0.6)c
(4)
(30)c
(4.1)c
(6.6)c

6.6–30.0
2.15–4.74
44–64
105–223
8.6–20.1
17.0–38.0

76 (7)
21 (10)
0 (—)
0 (0–7)
1.5 (1.5)
205 (103)e
3.5 (2.3)
12.0 (3.9)
473 (370)
11.7 (1.5)
963 (620)e
388 (356–420)
483 (166)f
4.1 (0.9)
83 (16)f
4.3 (0.8)
11.7 (2.4)f

54–90
10–45
0
0–7
0–5
138–202
2.0–5.0
0–18
88–1020
8.5–14.2
366–4252
267–486
146–902
2.0–8.4
16–163
2.6–5.4
4.0–16.8

1995

White blood cell count, 3 103 cells/ml
Red blood cell count, 3 106 cells/ml
Packed cell volume, %
Mean corpuscular volume, fl
Hemoglobin, g/dl
Mean corpuscular hemoglobin
concentration, g/dl
Heterophils, %
Lymphocytes, %
Monocytes, %
Eosinophils, %
Basophils, %
Sodium, mEq/L
Potassium, mEq/L
Gamma glutamyltransferase, IU/L
Alkaline phosphatase, IU/L
Calcium, mg/dl
Creatine phosphokinase, U/L
Glucose, mg/dl
Lactic dehydrogenase, IU/L
Phosphorus, mg/dl
Aspartate aminotransferase, IU/L
Total protein, g/dl
Uric acid, mg/dl

15.0
3.0
55
181
15.1
27.0

(4.7)
(0.6)
(3)
(27)
(1.5)
(3.7)

75 (9)
21 (7)
0 (0–7)
0.5 (0–7)
3 (2)
—d
—d
—d
—d
10.7 (0.7)
1419 (985)
392 (328–421)
347 (119)f
—d
56 (11)f
3.5 (0.6)
6.4 (3.9)f

11.9
3.4
51
148
12.6
24.0

a

Data are expressed as means (SD), except for monocytes, eosinophils, and glucose, which are non-normally distributed and
given as median (range).
b
Reference intervals are from harlequin ducks captured on the unoiled side of Prince William Sound (D. M. M., unpublished
data, October 1997).
c
n 5 3.
d
Not done.
e
n55
f
Significant at P , .05.

that were implanted intracoelomically with radio
transmitters. However, because birds were able to
effectively wall off infection inside a fibrotic
covering of the transmitter, the mortality rate 12
months after implantation was not affected.
Bacterial infection and active inflammatory
reaction were evident in 11 of the 13 antenna
collars examined, despite the normal appearance
and excellent survival rate of the implanted birds.
One year after implantation of radio transmitters,
virtually no visible skin reactions were apparent
in 13 ducks at the exit sites of the antenna
through the body wall. Nonetheless, bacteria
penetrated the full length of the antenna collar,
posing the possibility of coelomic infection and
airsacculitis. The most significant active inflammation and bacterial colonization occurred at the
interface of the plastic tube and the collar fabric.
However, the overall score for inflammation
could not be predicted by the presence or the
absence of bacteria in the collars.

The fabric antenna collars applied to the base
of percutaneous wire antennas attached to birds
are an offshoot of technology developed for
artificial organ implants,26 extended peritoneal
dialysis in human patients,27 and arterial grafts.28
In theory, connective tissue grows into the collar
and epithelium grows down to the collar-collagen
junction, which stabilizes the implant and acts as
a barrier to bacterial invasion of the coelomic
cavity. Radio transmitters have been implanted in
several species of seabirds and sea ducks that were
released onto water immediately after anesthetic
recovery,19,20,29 with excellent survival.22 Therefore,
the collars were also intended to prevent leakage
of seawater into the air sacs and coelomic cavity.
Any percutaneous implant introduces the
possibility for infection because of the direct path
from the implanted foreign structure to the
external environment. The transmitter initially
was physically attached by a single absorbable
suture placed percutaneously through the body
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wall and into the collar. Extrusion of implanted
radios occurred in harlequin ducks25 a result of
the physiologic mechanisms of wound healing
actively attempting to expel foreign materials and
seal integumentary lesions.30
In the implanted ducks, the transmitters and
the antenna collars were surrounded intracoelomically by granulation tissue and a fibrous
capsule, and collagen fibers were deeply embedded in the synthetic fibers of the collar. Movement of implants was limited by adhesions of the
fibrotic capsule to internal organs. In humans
with implants, collars are presumed not to be
a barrier to infection but rather to act to stabilize
the implant, thus preventing the pistonlike
movement of percutaneous components that
would tend to spread infection deeper into
tissues.31 Percutaneous devices that clinically
appear free of complications often have evidence
of inflammation and infection when examined
histologically.30 The mammalian tissue response
to implanted foreign material, such as prosthetic
breast implants, involves a chronologic progression: formation of fibrous scar tissue, histiocytic
inflammatory response, giant-cell reaction, synovial-like metaplasia, and calcification.32 The
foreign-body reaction begins within a few hours
after surgery and likely persists for the life of the
implant.21,33 Factors that may increase the risk of
infection along the tract to the percutaneous
device are blood-clot formation during surgery,
trauma to or movement of the implant, and lack
of postsurgical care. Most of these factors cannot
be controlled in a field study situation.
In mallards that were implanted with radio
transmitters attached to percutaneous antennas
with fabric collars, the skin at the antenna exit site
was essentially normal 1 week later, with the
exception of the presence of a small amount of
dried exudate.18 By 28 days after transmitter
placement, adhesions were present around the
transmitters and antenna collars. These adhesions
consisted of connective tissue lined by multinucleated giant cells, consistent with a foreign-body
reaction. Similarly, in rats implanted subcutaneously with polyester material, a moderate-tosevere granulomatous reaction with giant cells
formed and persisted for at least 30 days before
subsiding, leaving the synthetic fibers surrounded
by fibrous sheaths.34 In captive mourning doves
(Zenaida macroura), transmitters with percutaneous antennas not equipped with fabric collars
were implanted subcutaneously or intracoelomically; these relied on a snug fit between the skin
and the antenna to form a seal.35 This technique
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was successful in this nonaquatic bird, although
there was concern about infection because of
increased peripheral heterophil : lymphocyte ratios observed in birds with intracoelomic transmitters. When the doves were euthanatized 10
weeks after implantation, the few complications
observed included dehiscence of the surgical
incision, transmitter migration (subcutaneously
implanted devices), infection of the antenna tract,
leakage of transmitter battery fluid, and transmitter failure.
The low serum potassium and glucose concentrations observed in some birds in this study were
attributed to a lack of feeding and weather stress.
Concentrations of creatine phosphokinase and
AST were not increased, as would be expected if
the capture technique and holding environment
were excessively stressful.36 Total white blood cell
counts did not differ significantly between 1995
and 1996. In rats, peripheral leukocyte counts
increase the day after surgical implantation;
however, a sustained systemic response is unlikely
once the implant has been encapsulated, which
occurs in as little as 3 weeks in rats and 4 weeks in
ducks.18,37 Overall, none of the hematologic or
biochemical data suggests that carrying the
transmitter in the coelom for a year causes
chronic systemic stress in harlequin ducks.
In this study, the implanted ducks were
returned to their natural environment 1 hour
after recovery from surgery. Presumably, the
antenna collar protected the coelomic cavity
from contamination, initially by blood clots that
formed on the collar fabric and later by fibrous
connective tissue that formed from cells migrating into the fabric. The effectiveness of the
fibrous connective tissue covering of the transmitter in preventing contamination of the air
sacs and coelom was evidenced by the survival of
harlequin ducks that removed their implanted
transmitters in the coelom by pulling them
through the antenna exit site.25 The use of the
transmitters in these ducks did not increase 1year mortality rates.24 This fibrous seal is
especially important in diving birds in which
the pressure on the antenna passage site
increases during a dive. We conclude that
bacterial penetration along the length of the
fabric collar of percutaneous antennas attached
to radio transmitters implanted coelomically is
not a critical factor in morbidity or mortality 1
year after implantation in harlequin ducks.
Implanted ducks effectively walled off the transmitter with a fibrotic capsule, which limited the
spread of bacterial contamination.
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