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MASSASAUGA (SISTRURUS CATENATUS CATENATUS)
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Abstract: At present, the hemagglutination inhibition (HI) assay is the sole commercially available serologic method
available to detect exposure to ophidian paramyxovirus (OPMV) in snakes. During 2006, 26 eastern massasaugas
(Sistrurus catenatus catenatus) were collected, and blood was sampled to determine their OPMV status. Samples from
each snake were divided into 3 aliquots and tested by using commercially available HI assays against the 4 OPMV
isolates used in the 3 laboratories that offer the service. All snakes were tested for antibodies by using HI assays
against the green tree python (GTP), San Lucan rattlesnake (SLR), and Aruba Island rattlesnake (AIR) isolates. Twenty-
five snakes were tested for antibodies against the western diamondback rattlesnake (WDR) isolate. All samples tested
against the GTP and SLR were positive (26/26), whereas 56% (14/25) of the WDR assays were positive, and none (0/
26) of the AIR assays yielded a positive result. There was 100% agreement between the GTP and SLR assays, and
complete disagreement between the SLR and AIR, as well as the GTP and AIR assays. Kappa statistics for the GTP–
WDR, SLR–WDR, GTP–AIR, SLR–AIR, and WDR–AIR indicated that the assays had less than chance agreement.
The results demonstrate that current HI assays are not reliable as a sole diagnostic assay in the eastern massasauga.
Furthermore, HI assays need to be evaluated by using other parameters to determine OPMV exposure in eastern
massasaugas.
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INTRODUCTION

Ophidian paramyxovirus (OPMV) is a potential-
ly lethal disease in snakes, with infected individuals
exhibiting a range of clinical signs, including open-
mouth breathing, regurgitation, respiratory dis-
charge, pneumonia, and convulsions.5,7 In captive
viperid species, outbreaks are associated with high
mortality rates in all age classes.7,8,10 An outbreak
of OPMV in susceptible wild populations of snakes
could result in catastrophic mortality that impacts
viability, especially if the species involved is threat-
ened or endangered.

Hemagglutination inhibition (HI) is the most
common type of antemortem assay for evaluating
OPMV disease status. HI can be used to determine
past exposure or can be performed serially to con-
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firm active infection. Quarantine protocols at many
zoologic and private reptile institutions require neg-
ative OPMV titers before release of newly acquired
specimens into collections. Future reintroductions
of captive snakes into the wild could require a sim-
ilar seronegative status before release to minimize
risks of disease introduction. Assaying free-ranging
individuals in populations is needed to assess the
frequency and prevalence of OPMV exposures and
whether individuals from a particular endemically
infected population should be introduced into an
immunologically naı̈ve population. Accordingly,
reliable methods to define a snake’s OPMV status
are needed; thus, the importance of assessing cur-
rently available methods is a priority. This study
was designed to determine the level of agreement
among 3 HI assays by using 4 snake isolates from
3 different U.S. laboratories. A population of wild-
caught eastern massasaugas (Sistrurus catenatus
catenatus) was sampled from Illinois. The specific
biologic hypotheses were 1) assays from isolates
from similar genera would be in good agreement,
2) seroprevalence of OPMV by using all assays
would be 100% based on a previous sampling of
the population,1 and 3) snakes with higher titers
would have significantly higher total solids concen-
trations as a result of increased gamma globulins.
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Table 1. Results of hemagglutination inhibition as-
says demonstrating exposure to 4 isolates of ophidian
paramyxovirus by using the same eastern massasauga
plasma divided equally.

Laboratory
no. Isolate

Positive
result

1 Western diamondback rattlesnake 14/25
2 Aruba Island rattlesnake 0/26
3 San Lucan rattlesnake 26/26
3 Green Tree python 26/26

MATERIALS AND METHODS

Study design

Twenty-six wild eastern massasaugas were cap-
tured (March to May 2006) from South Shore State
Park (38�37�11��N, 89�18�14��W) and Eldon Hazlet
State Park (38�39�28��N, 89�19�51��W) near Car-
lyle, Illinois (USA). The protocol was approved by
the University of Illinois Institutional Animal Use
and Care Committee.

Sample collection

Blood samples were collected from the ventral
tail vein of each snake and were divided equally
into 3 aliquots; however, in one case, the sample
collected was sufficient to fill only 2 aliquots. De-
tailed descriptions of the study sites and sample
collection methods were previously reported.1 To
minimize sample handling bias, all plasma samples
were prepared and frozen the day they were col-
lected. All samples, on the same day, were batch
sent on wet ice via overnight courier to each insti-
tution. Confirmation of delivery was obtained the
next day from all 3 laboratories. For all HI assays,
the reported titer was the last dilution that formed
a pellet.

Plasma was submitted to Laboratory 1 for HI
testing by using the western diamondback rattle-
snake (Crotalus atrox) (WDR) OPMV isolate. The
OPMV isolate used was collected from the lungs
of a snake with pneumonia and was confirmed to
be a paramyxovirus based on physiochemical prop-
erties and electron microscopy. Plasma from each
sample was heat inactivated at 56�C for 30 min,
treated with kaolin (25%), and adsorbed to washed
guinea pig red blood cells (RBC) at 0.1 �l/ml. Sam-
ples were tested by using a standard HI protocol,
including titration to 8 hemagglutinating units (HA)
of the virus. Titers �1:64 were considered indica-
tive of previous exposure. The protocol of the lab-
oratory suggested that, depending on a snake’s his-
tory, samples with low titers should be retested in
2 to 3 wk.

Plasma was sent to Laboratory 2 for HI testing
with an Aruba Island rattlesnake (Crotalus unicol-
or) (AIR) OPMV isolate. The assay was performed
as previously reported6; however, the addition of
bovine serum albumin has since been discontinued
by the laboratory (April Childress, pers. comm.,
2006). Titers �1:20 were considered negative, 1:40
to 1:80 were suspect, and �1:80 were positive. The
laboratory recommended serially testing positive
samples at least 4 wk apart to characterize a snake’s
disease status.

Plasma submitted to Laboratory 3 was evaluated

by using a San Lucan rattlesnake (Crotalus mitch-
elli mitchelli) (SLR) and a green tree python (Mo-
relia viridis) (GTP) OPMV isolate as described.2

Plasma was heat inactivated at 56�C and diluted 1:
10 in 0.01 M potassium periodate and 0.6% glyc-
erol. Guinea pig RBCs (Lampire Biological Labo-
ratories, Pipersville, Pennsylvania, USA) were
washed 3 times in sterile phosphate buffered saline
solution (PBS) (Invitrogen, Carlsbad, California
92008, USA), and a 1% dilution was made in PBS.
The 2 strains of OPMV used for this assay were
titrated and diluted to 8 HA each. Each plasma
sample was tested in duplicate. Twofold serial di-
lutions in PBS were prepared with virus and incu-
bated for 1 hr at room temperature (20–25�C). A
1% suspension of guinea pig RBCs was added, fol-
lowed by incubation for 1 hr at room temperature.
Results were observed after 60 min. Titers that re-
flected definitive exposure were considered low (1:
20 to 1:80), low–moderate (1:160), and moderate
(1:320 to 1:640).

Statistical analysis

The 95% confidence intervals (CI) were calcu-
lated for binomial proportions when appropriate.
When the sample proportion was 0, the technique
described by van Belle and Millard12 was used. Co-
hen’s kappa test was used to measure the level of
agreement between the serostatus (positive or neg-
ative) between the different laboratories and iso-
lates.9 The Kruskal–Wallis test was used to deter-
mine if total solid concentrations differed based on
seropositivity. Statistical analyses were performed
by using SPSS 11.0 (SPSS Inc., Chicago, Illinois
60606, USA).

RESULTS

Results of HI assays are summarized in Table 1.
All samples tested against the GTP (26/26) and the
SLR isolates (26/26) were seropositive. The sam-
ples tested against the WDR were seropositive in
56% (14/25, 95% CI: 37–75) of the cases. All of
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the HI assays against the AIR isolates were nega-
tive (0/26, 95% CI: 0–11.5). There was 100%
agreement between the GTP and SLR assays, and
100% disagreement between the SLR and AIR, as
well as between the GTP and AIR assays. The kap-
pa statistics for the WDR–GTP, WDR–SLR, SLR–
AIR, GTP–AIR, and WDR–AIR comparisons were
all �0.02. Based on the suggestions of Landis and
Koch,9 the kappa for these assays had less than
chance agreement. There was no significant differ-
ence in total solid concentrations based on serolog-
ic titer (SLR: P � 0.15; GTP: P � 0.12; WDR: P
� 0.45).

DISCUSSION

Recently, during an initial health serosurvey,
OPMV seropositive wild-caught eastern massasau-
gas in Illinois were identified.1 The initial conclu-
sion was that snakes were exposed to OPMV in the
wild because all of the animals were seropositive.
However, cross-reactivity in the assay that resulted
in false-positive results and misclassification of dis-
ease status was also considered. Nevertheless, the
finding of 100% seropositivity for OPMV in an en-
dangered species was alarming, because exposure
to the virus could have long-term implications for
conservation of this species.

The authors hypothesize that this wild population
of eastern massasaugas evaluated would have 100%
seropositive reactions with HI to OPMV. The re-
sults of this study suggest that the seroprevalence
could range from 0–100%, depending upon the iso-
late examined. The genetic relatedness of these
OPMV isolates has not been examined. It is pos-
sible that the GTP, SLR, and WDR isolates are
more closely related to the strains of OPMV to
which the eastern massasaugas of this study were
exposed, which resulted in positive titers. More-
over, it seems likely that the AIR isolate is not
closely related to the OPMV strains to which the
Illinois massasaugas were exposed. Thus, the cur-
rent state of knowledge regarding OPMV in mas-
sasauga rattlesnakes is insufficient to support a
long-term health management plan for the eastern
massasauga. If the population studied in Illinois has
been exposed to OPMV, it may preclude plans to
supplement free-ranging populations with captive-
bred snakes unless immunity of the transplanted in-
dividuals can be conferred before release. Perhaps
snakes that are strongly seropositive for the AIR
isolate should not be reintroduced to this wild pop-
ulation, yet snakes that are strongly seropositive for
the GTP, WDR, and SLR isolates might be safe
after release.

Conversely, if this population is truly negative to

all isolates of OPMV because of false-positive re-
sults, it may be at risk for high morbidity and mor-
tality if any such positive snake is introduced. All
commercially available serologic tests currently
available to measure immune responses to OPMV
are HI assays. HI tests are rapid, easy to perform,
and do not require species-specific antibodies.
However, inherent limitations of HI assays are
cross-reactivity between similar viruses and mod-
erate specificity, which can result in excessive num-
bers of false-positive samples. Because cross-reac-
tivity may confuse diagnostic efforts, an important
research goal will be to determine whether the dif-
ferent viral strains are commensals or pathogens.
Regardless of the basis for conflicting findings,
whenever repeatability of results among laborato-
ries is low, then more specific assays are needed.

The results of this study reveal an urgent need
for studies to determine the sensitivity and speci-
ficity of different OMPV HI assays. Validated stud-
ies that determine the reactivity of different genetic
isolates to current HI isolates are needed. There are
numerous isolates of OPMV,3 and the genetic re-
latedness and reactivity of the isolates used in the
laboratories have not been evaluated in the eastern
massasauga. One approach would be to take snakes
into captivity followed by in vivo exposure to dif-
ferent isolates of OPMV. Studies might focus on
nonthreatened species, in conjunction with very
limited studies of massasaugas that are no longer
important to the breeding pool. By contrast, if work
is to be focused solely on direct studies of eastern
massasauga rattlesnakes (a state endangered spe-
cies), then the capacity to discern the validity of
these HI tests will be constrained. In any case, for
efficient comparisons of numerous isolates of
OPMV, differences in sample handling, technique,
test validation, and approaches to interpretation
should be minimized.

In addition to HI assays, future research should
elucidate other techniques to measure the OPMV
status of eastern massasaugas and other snakes, in-
cluding, when possible, the monitoring of popula-
tions in the wild that experience a spontaneous
wave of infections. Of importance, future studies of
infection status in the wild and in captivity should
involve measurement of antibody concentrations
and proteomics, with concurrent histopathology, ul-
trastructural studies, virus isolation, and viral ge-
nome sequencing. Both immunohistochemistry and
reverse transcriptase–polymerase chain reaction (rt-
PCR) assays for OPMVs have been reported.4,11

These assays require tissue biopsy specimens to
identify virus-infected cells. By using such meth-
ods, false-negative results may be obtained, unless
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the infectious agent is disseminated through the tis-
sues. Also, although the sensitivity of rt-PCR is
typically high, false positives can occur from con-
tamination, thus sample handling and preparation
must be carefully performed.13

Management decisions for massasaugas or other
viperid snakes should not depend on the interpre-
tation of a single HI test result but should also ac-
count for the history and clinical signs of the in-
dividual, the departing population, and the receiv-
ing population. Moreover, management will need to
rely upon similar comparative studies to evaluate
other snake species to determine their responses to
HI assays for OPMV. In addition, experimental
studies that compare the HI assays to a ‘‘gold stan-
dard’’ (e.g., viral isolation, viral genomics, antibody
sequencing, and Western blot analysis) are needed
to establish assay sensitivity, specificity, and posi-
tive and negative predictive values. Final recom-
mendations for the management of viperids with
regard to OPMV should rely on developing and ap-
plying such assays for use in health disease sur-
veys.
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