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ASSOCIATION OF WEST NILE VIRUS WITH LYMPHOHISTIO-
CYTIC PROLIFERATIVE CUTANEOUS LESIONS IN AMERICAN
ALLIGATORS (ALLIGATOR MISSISSIPPIENSIS) DETECTED BY
RT-PCR
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Abstract: West Nile virus (WNV) is known to affect captive populations of alligators and, in some instances, cause
significant mortalities. Alligators have been shown to amplify the virus, serve as a reservoir host, and even represent
a source of infection for humans. This study describes a cutaneous manifestation of WNV in captive-reared American
alligators (Alligator mississippiensis), previously described as lymphohistiocytic proliferative syndrome of alligators
(LPSA), based on the findings of gross examination, histopathologic evaluation, WNV antibody testing, and WNV
reverse transcriptase polymerase chain reaction (RT-PCR). Forty alligators with LPSA and 41 controls were examined.
There was a significant difference (P = 0.017?") in the WNYV serostatus between the treatment group (100%) and the
control group (0%, 95% CI: 0-7.3%). In the treatment group, 97.5% (39/40) (95% CI: 92.7-102.3%) of the LPSA
skin lesions were positive for WNV via RT-PCR. Of the skin sections within the treatment group that had no LPSA
lesions, 7.5% (3/40) (95% CI: 0—15.7%) were positive for WNV. In the control group, all of the skin samples were
negative for WNV (41/41) (0%; 95% CI: 0-7.3%). The LPSA skin lesions were significantly more likely to be WNV
positive by RT-PCR when compared to control animals (P = 0.07°2°) and normal skin sections from affected animals
(P = 0.087'%). There was no significant difference in the WNV RT-PCR results between control animals and normal
skin sections from affected animals (P = 0.24). These findings suggest that LPSA is a cutaneous manifestation of

WNV in alligators.
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INTRODUCTION

Lymphohistiocytic proliferative syndrome of al-
ligators (LPSA) and West Nile virus (WNV) have
been previously described as diseases affecting cap-
tive-reared American alligators (Alligator missis-
sippiensis) (Figure 1).1214 Of these two, WNV pre-
sents a public health concern. It has been shown
that alligators can amplify WNV and serve as a
reservoir for the virus.’ It is also known that per-
sonnel working in alligator farms at the time of a
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WNYV outbreak have been exposed to the disease,
and there is one confirmed case of direct exposure
to WNV by handling tissues from an infected alli-
gator (Tengelsen 2004, pers. comm.). Until recent-
ly, the etiology of LPSA was unknown. Past studies
had not found evidence of a bacterial and fungal
etiology, but were also unable to conclude whether
the disease was viral in origin."”” Based on the his-
topathologic findings, herpes viruses were initially
suspected; however, polymerase chain reaction as-
says were inconclusive. An association between ex-
posure to WNV and the development of LPSA was
described by Nevarez et al."” following reports from
Louisiana alligator ranchers about a possible link
between WNV and the appearance of LPSA lesions
in alligators that had survived WNV outbreaks.

One challenging aspect of studying LPSA is the
difficulty in correctly identifying the skin lesions
antemortem. There are a number of gross lesions
on the skin of alligators that are routinely misiden-
tified as LPSA lesions. For this reason, both gross
observation and histopathologic identification were
used to determine the presence of skin lesions. In
addition, it had also become clear that alligator
ranches with a history of WNV would also have a
history of LPSA, and vice versa.

The objective of this study was a further char-
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Figure 1.
on the ventral skin of alligators (arrows).

Typical LPSA lesions as observed grossly

acterization of LPSA as a cutaneous manifestation
of WNYV in captive-reared American alligators. The
specific hypotheses for this study were that animals
with LPSA skin lesions would be significantly more
likely to have 1) WNV exposure based on antibody
testing, and 2) WNV-positive skin lesions based on
RT-PCR tests.

MATERIALS AND METHODS

This study was approved by the Louisiana State
University Institutional Animal Care and Use Com-
mittee. A total of 81 6- to 9-mo-old captive-hatched
and -reared American alligators were used for the
study. All alligators were obtained from a private
rancher in Louisiana between March and June of
2006. The facility had a previous history of WNV
and LPSA. The most recent WNV outbreak in the
state was diagnosed in October of 2005 in the same
facility. Alligators were housed in rectangular
buildings with appropriate stocking densities, as
recommended by the Louisiana Department of
Wildlife and Fisheries, at water temperatures be-
tween 29-32°C (85°-90°F), and were fed a com-
mercial alligator diet that was occasionally mixed
with whole ground chicken. Husbandry practices at
the facility were comparable to other facilities in
the state. One building contained animals with
LPSA lesions while another contained animals
without LPSA lesions. Within each building, alli-
gators were selected at random. Animals were se-
lected based on the presence (treatment group) or
absence (control group) of LPSA skin lesions, as
identified grossly by one of the authors (JGN) and
later confirmed via histopathology. The forty alli-
gators selected for the treatment group (LPSA pos-
itive) originated from the only building in the fa-
cility in which LPSA had been observed. This also
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happened to be the same (and only) building where
the WNYV outbreak occurred in October of 2005.
The additional 41 alligators representing the control
group (LPSA negative) were obtained from a sep-
arate building in which no WNV or LPSA had been
reported or diagnosed. All alligators from the treat-
ment and control groups were collected and pro-
cessed on different occasions to minimize the
chance of cross-contamination. A gross examina-
tion was performed on each animal to document
the presence or absence of LPSA skin lesions.

Prior to euthanasia, each alligator was bled from
either the supravertebral sinus or the lateral occip-
ital sinus. Blood was placed in blood tubes with no
preservative. The tubes were centrifuged at 5,000
g for 5 min before removing the serum and placing
it in sterile vials. The serum was then stored at
—70°C until being shipped with ice packs to the
University of Florida (Gainesville, Florida USA)
for WNV antibody testing. The WNV antibody
tests were performed using an indirect enzyme-
linked immunosorbent assay for detection of anti-
bodies to West Nile virus in American alligators,
as reported by Jacobson et al.” After the blood col-
lection, alligators were euthanized with Beuthana-
sia-D Special (Schering Plough Animal Health,
Union, New Jersey 07083, USA) at a dosage of
1ml/2.5kg, administered in the supravertebral sinus.
Following euthanasia, a complete necropsy was
performed on each alligator, and tissue samples
were collected and saved in 10% neutral buffered
formalin for histopathologic examination. Pre-
served tissues were embedded in paraffin, sectioned
to 5-pwm thickness, adhered to a glass slide, and
stained with hematoxylin and eosin using standard
histologic procedures. Using standard immunohis-
tochemical staining, additional 5-pm sections of
paraffin-embedded tissues were tested for the pres-
ence of WNV.

A real time reverse transcriptase polymerase
chain reaction test (RT-PCR) was performed on the
skin and a liver-brain tissue pool from all animals.
A 4-mm punch biopsy was used to obtain the skin
samples after a determination that this biopsy size
provided the 25-30 mg of tissue needed for testing.
The same amount (25-30 mg) of liver and brain
tissue was obtained for WNV RT-PCR testing. In
the treatment group, two skin biopsies were ob-
tained. One biopsy was obtained directly over a
scale with an LPSA lesion (TxA) in order to ensure
that the lesion itself was being tested. A second
skin biopsy was obtained from a scale section over
which there was no LPSA skin lesion (TxB) pres-
ent. This second biopsy was obtained as an addi-
tional intrabiopsy control. One potential pitfall of
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Table 1. Results of RT-PCR from skin and liver-brain pool from alligators.
Results TxA® TxB® CxS¢ Tx L-B¢ Cx L-Be

Positive 39 0 27 0
Negative 1 37 40 13 40
Prevalence 97.5% 7.5% 0% 67.5% 0%
95% Confidence interval 93-100% 0-16% 0-7% 53-82% 0-7%

*TxA = skin from treatment group with LPSA lesion.

®*TxB = skin from treatment group without LPSA lesion.

¢ CxS = skin from control group, no LPSA lesion.

4Tx L-B = liver-brain pool from treatment group.

¢ Cx L-B = liver-brain pool from control group.
collecting the second skin sample in the treatment RESULTS

animals was that an LPSA lesion that was not
grossly visible could have been obtained with the
biopsy. In the control group, a skin biopsy (CxS)
was obtained from a scale after corroboration that
there were no LPSA lesions in the whole ventral
skin surface. Multiple biopsies were obtained from
each animal in order to have additional tissues for
banking. Brain and liver samples were collected
from each group during necropsy. All tissue sam-
ples (skin, liver-brain) were placed in a sterile plas-
tic vial containing RNAlater® (Ambion Inc., Aus-
tin, Texas 78744, USA) at a 5:1 ratio of solution to
tissue and stored at —20°C until testing was per-
formed. The RT-PCR procedure was performed ac-
cording to a previously published protocol.'

The 95% binomial confidence intervals were cal-
culated for each proportion. For cases where the
prevalence was zero, the technique described by
Van Belle was used.”” A Fisher’s exact test was
used to compare the treatment group and control
group for each diagnostic test (RT-PCR, serology,
and histopathology). A P = 0.05 was considered
statistically significant.

Figure 2. Typical LPSA lesion as observed under the
microscope and stained with H&E (20X).

All 40 animals in the treatment group tested pos-
itive for WNV antibodies, while all 41 animals in
the control group were seronegative. These results
are consistent with a previous study that revealed
an association between WNYV seropositivity and the
presence of LPSA lesions."® There was a significant
difference (P = 0.0172') in the serostatus of the
treatment group (100%) when compared to the con-
trol group (0%, 95% CI: 0-7.3%).

Results for the RT-PCR are presented in Table 1.
In the treatment group, 97.5% (39/40) (95% CI:
92.7-100 %) of the LPSA skin lesions (TxA) were
positive for WNV via RT-PCR. Of the skins within
the treatment group that had no LPSA skin lesions
(TxB), 7.5% (3/40) (95% CI: 0—-15.7%) were pos-
itive for WNV. In the control group, all of the skin
samples (CxS) were negative for WNV (41/41)
(0% 95% CI: 0-7.3%). All alligators in TxA were
significantly more likely to have RT-PCR WNV-
positive skin than those in TxB (P = 0.087'°) and
CxS (P = 0.07?°). There was no significant differ-
ence in the findings of WNV from the skins of al-
ligators between TxB and CxS (P = 0.24).

For the liver and brain, pooled samples in the
treatment group (Tx L/B), 67.5% (27/40) (95% CI:
53-82%), were positive for WNV via RT-PCR. In
the control group, all (41/41) (0%; 95% CI: 0—
7.3%) of the liver and brain pool samples (Cx L/
B) were negative for WNV. There was a significant
difference between these results (P = 0.017°).

Affected alligators had similar histopathologic
lesions in the skin and superficial dermis. The su-
perficial dermis, immediately beneath the epider-
mis, contained multiple round to ovoid lesions
composed of large numbers of lymphocytes and
macrophages (Figure 2). These foci were relatively
sharply demarcated, contained variable numbers of
tangible body macrophages, and sometimes sur-
rounded small blood vessels. Within these accu-
mulations of inflammatory cells, there was a



NEVAREZ ET AL.—CUTANEOUS MANIFESTATION OF WEST NILE VIRUS IN ALLIGATORS

marked loss of the thick collagenous stroma that
makes up the normal dermis. There was a mild
compression of collagen surrounding the lesions.
The collagen extended a short way into the lesions
and then abruptly ended. Small, scattered areas of
collagenolysis were noted around the margins of
some of the lesions. The overlying epidermis was
usually intact, but was sometimes mildly attenuat-
ed. Occasionally, lymphocytes extended into the
epidermis immediately overlying the lesions. In
these areas, the overlying scale occasionally con-
tained foci of disorganized keratin above the epi-
dermal lymphocytic infiltration. No organisms were
seen within the skin or the superficial dermal lym-
phoid accumulation. Histopathology confirmed the
presence and absence of LPSA lesions in the treat-
ment (40/40; 100%) and control (41/41; 95% CI:
0-7.3%) groups, respectively. Immunohistochemi-
cal results for WNYV in the skin were inconclusive.

DISCUSSION

The results of this study suggest a strong asso-
ciation between the presence of LPSA and WNW.
To obtain definitive confirmation that WNV is re-
sponsible for the lesions, an experimental study ful-
filling Koch’s postulates would be required. Unfor-
tunately, conducting such a study at this time is
difficult due to the housing and biosafety require-
ments. To conduct such a study would require a
BL-3 laboratory. Because of the large size and de-
mands of these animals, this is not possible at this
time; however, plans to perform such a study are
in progress. Nonetheless, without the privilege of
having performed an experimental infection, the
data clearly show a very strong association and
strongly suggest that WNV is highly correlated to
the presence of LPSA lesions.

A disadvantage of the RT-PCR procedure is its
inability to differentiate between viable (live) and
dead virus. The isolation of WNV from some of
the skin lesions was attempted, but was not suc-
cessful. This may be explained by the chronicity of
the disease leading to a lower amount of virus pres-
ent in the tissue, or to the virus no longer being
viable. One interesting finding that helps provide
some insight into this matter is the fact that only
67.5% of the liver-brain pools tested positive in the
treatment group, as compared to 97.5% of the skin
samples. This finding is consistent with an expected
reduction in tissue levels with chronicity of the dis-
ease. Perhaps earlier sampling after the initial
WNYV outbreak would yield different results, e.g.,
having a higher proportion of tissues that test pos-
itive for WNV and being able to culture the virus
from the skin. The few positive results in TxB may
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be explained by the fact that LPSA lesions are
sometimes difficult to visualize and, in a positive
skin, any given section has the possibility of hous-
ing a lesion. An interesting finding is the fact that
the skin lesions appear to be more predictive for
the diagnosis of WNV than the liver-brain tissue.
This is evident when comparing the results of the
RT-PCR between the skin lesions (TxA) (95% CI:
93—100%) and the liver-brain pool (Tx L/B) (95%
CI: 53-82%) (Table 1). The inconclusive immu-
nohistochemistry results were somewhat unexpect-
ed, as immunohistochemistry has been used to
identify WNV in alligator tissues, although not
skin, in the past.'* However, those instances in
which immunohistochemistry was used were also
acute WNV infections, as opposed to what we be-
lieve is a chronic infection, by the time that LPSA
lesions are present on the skin. As with the negative
culture results, the amount of virus present within
the lesions may be too small to be detected via
immunohistochemistry. In addition, there may be
some differences in the techniques used when per-
forming this test on alligator skin versus other tis-
sues or even skin from other species. Regardless of
the reason, it appears that immunohistochemistry is
not a useful tool for diagnosis of WNYV in the skin
of alligators affected with LPSA.

Skin manifestations of WNV have been de-
scribed in humans, although histopathologic eval-
uation of the lesions has been limited. Nonetheless,
there are reports of exanthema and rash associated
with WNYV infection dating back to 1956.!1-5810.1115.16
There is also a report of WNV identification in the
skin of two goshawks (Accipiter gentilis) via im-
munohistochemistry.'® These reports support our
theory of LPSA as a skin manifestation of WNV
in American alligators. This type of inflammation
in the skin of alligators may be prompted by an
aggressive immune response secondary to chronic
exposure to WNYV, but further studies are required
to understand the immune response to the virus in
alligators.
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