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ABSTRACT: As a possible strategy to protect whooping cranes (Grus americana) from fatal eastern
equine encephalitis (EEE) viral infection, studies were conducted to determine the immune
response of this species and sandhill cranes (Grus canadensis) to a formalin-inactivated EEE viral
vaccine. Viral-specific neutralizing antibody was elicited in both species after intramuscular (IM)
vaccination. Subcutaneous and intravenous routes of vaccination failed to elicit detectable antibody
in sandhill cranes. Among the IM vaccinated cranes, the immune response was characterized by
nondetectable or low antibody titers that waned rapidly following primary exposure to the vaccine.
However, one or more booster doses consistently elicited detectable antibody and/or increased
antibody titers in the whooping cranes. In contrast, cranes with pre-existing EEE viral antibody,
apparently induced by natural infection, exhibited a rapid increase and sustained high-antibody
titers. Even though EEE virus vaccine induced neutralizing antibody and produced no adverse
side effects, further studies will be required to determine the protective efficacy of the antibody.

Key words: Sandhill crane, Grus canadensis, whooping crane, Grus americana, eastern equine
encephalitis virus vaccine, neutralizing antibody, immunology.

INTRODUCTION

An unprecedented outbreak of fatal

eastern equine encephalitis (EEE) viral in-

fection occurred among captive whooping

cranes (Grus americana) during the late

summer and fall of 1984 at the Patuxent

Wildlife Research Center (PWRC, Laurel,

Maryland 20708, USA) (Dein et a!., 1986).

Of the resident population of 39 cranes,
viral assays of tissues from five of the seven

fatalities yielded EEE virus. Epizootiologi-

cal observations following the outbreak re-

vealed that 14 (44%) of the 32 surviving

whooping cranes and 13 (34%) of 38 co-

resident sandhill cranes (G. canadensis)

had EEE virus-neutralizing (N) antibody.

Morbidity or mortality was not observed

in the latter species. Culiseta melanura,

the principal enzootic mosquito vector of

EEE virus (Williams et a!., 1974), was

found in an area adjacent to PWRC, and

EEE virus N antibody was detected in wild

birds captured at PWRC immediately af-

ter the EEE epizootic in the whooping

cranes. These observations indicated that

EEE virus was enzootic, and may pose a

serious risk to the continued successful

propagation of the endangered whooping

crane at PWRC. As a possible strategy for

the prevention of future EEE epizootics,

studies were conducted to determine the

immunogenicity of a formalin-inactivated

human EEE virus vaccine in sandhi!l and

whooping cranes.

MATERIALS AND METHODS

Vaccine

The EEE virus vaccine, originally developed
for human use, was provided by the United
States Army Medical Research Institute of In-
fectious Diseases (USAMRIID, Fort Detrick,
Frederick, Maryland 21701, USA). The vaccine

was prepared from the PE-6 WRAIR strain of
EEE virus that was propagated in primary chick
embryo cell cultures and inactivated with for-
maim (Maire et a!., 1970). Prior to inoculation,
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the vaccine was rehydrated with sterile distilled

water.

Trial 1

On 7 November 1984, nine EEE virus-sero-

negative sandhill cranes 1 yr of age were in-
oculated with the EEE virus vaccine. Three
cranes were inoculated with 0.5 ml intramus-
cularly (i.m.) in the pectoral muscle, three cranes
received 0.25 ml intravenously (iv.) in the jug-
ular vein, and three were inoculated with 0.5

ml subcutaneously (s.c.) over the femoral mus-
culature. These cranes were bled immediately
prior to vaccination and on days 20 and 75 post-

vaccination.
Ten mo later, four cranes from Trial 1 were

evaluated for adverse reaction to repeated i.m.
administration of 1.0 ml of EEE virus vaccine.

Cranes were bled and inoculated with vaccine

on 1 August 1985 and every 7 days thereafter
for 5 wk. Serum samples obtained before in-
oculation and at 3, 5, and 14 wk postinoculation

were assayed for EEE viral N antibody.

Trial 2

On 21 December 1984, 16 seronegative, non-

vaccinated sandhill cranes >1 yr old, and one
2-yr-old whooping crane were placed in four
treatment groups. Vaccine was administered i.m.

to three groups (Table 3), and one group (the

control cranes) was inoculated i.m. with distilled
water.

Trial 3

On 25 March 1985, all (n = 15) EEE viral N

antibody-seronegative whooping cranes at

PWRC and four whooping cranes with pre-ex-
isting, naturally acquired N antibody received

an i.m. injection of 0.5 ml of vaccine followed
by a 1.0 ml booster i.m. after 30 days. After 6
mo, these whooping cranes were rebled and ad-

ministered 1.0 ml of vaccine IM.

Laboratory assay

Blood specimens were obtained from cranes
by jugular venipuncture, allowed to clot and

then centrifuged at 800 g for 20 mm. Serum
was decanted and stored at -20 C until assayed
for EEE N antibody. Sera were assayed for EEE

viral N antibody by plaque-reduction neutral-

ization (PRN) tests in Vero (African green mon-
key kidney) cells (Clark et al., 1986). An 80%
or more reduction of the virus dose by a specific

dilution of crane serum was considered evidence
of EEE virus N antibody. All assays were per-

formed without knowledge of the treatment of

individual birds. The EEE stock virus used in
the PRN test was isolated from a pool of C.
melanura mosquitoes collected at the Pocomoke

TABLE 1. Neutralizing antibody elicited by EEE

viral vaccine in sandhill cranes.

Route of inoculatton
(volume)

Crane
num-

ber

Days po

0

stvacci

20

nation

75

Intramuscular (0.50 ml) 8444

8455

8460

Neg’

Neg

Neg

20”

80

10

Neg

Neg

Neg

Intravenous (0.25 ml) 8447

8458

8469

Neg

Neg

Neg

Neg

Neg

Neg

ND’

ND

ND

Subcutaneous (0.50 ml) 8439

8445

8453

Neg

Neg

Neg

Neg

Neg

Neg

ND

ND

ND

No significant plaque reduction at 1:10 dilution.

Reciprocal of highest serum dilution producing �80% plaque

reduction.

Not done.

Cypress Swamp, Maryland on 3 July 1979. The

virus stock had undergone two cell-culture pas-

sages.

Surveillance

To monitor the possibility of EEE virus trans-

mission during 1985, five seronegative adult

bobwhite quail (Colinus virginianus) were re-

tained at each of five sites in wire mesh cages
around the northern perimeter of the PWRC.
In addition, 17 young (<1-yr-old) seronegative

sandhill cranes located throughout the captive

colony were employed as indicators of EEE vi-
rus transmission. All birds were bled weekly from

23 July through 28 October 1985. The serum
component was collected following centrifu-
gation of blood and assayed for EEE N antibody
by PRN tests as described above.

Trial 1

RESULTS

As presented in Table 1, EEE viral N

antibody was detected only in the sandhill

cranes inoculated i.m. Although serum di-

lutions of 1:10 to 1:80 reduced the virus

dose �80% on day 20 postvaccination, N

antibody was not detected at day 75. Ad-

verse reactions to the vaccine were not

observed in the cranes that received the

i.m. or s.c. inoculations. However, the i.v.

inoculated cranes developed various de-

grees of temporary ataxia within 15 mm.

The four sandhill cranes, originally in-
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TABLE 2. Neutralizing antibody response after five

weekly intramuscular inoculations with EEE viral

vaccine (1.0 ml) in sandhill cranes.

Crane

number

Original
route of

inoculation

We eks from first boo ster

0 3 5 14

8444’ i.m. Neg” 1,280� 640 320

8455 i.m. Neg ND 320 1,280

8460 i.m. 10 160 160 80

8439 s.c. Neg 10 20 10

Designated cranes from experiment described in Table 1

were held for approximately 10 mo before receiving addi-

tional vaccine.

1:10 dilution with <80’� plaque reduction.

Reciprocal of highest serum dilution producing �80% plaque

reduction.

oculated in November 1984 and subse-

quently receiving five weekly i.m. inocu-

lations of vaccine, exhibited no adverse

systemic clinical signs or reactions at the

injection site. Antibody titers as high as

1:1,280 were exhibited by these cranes

(Table 2). Those cranes that received the

vaccine i.m. originally developed higher

and more persistent N antibody titers than

the one vaccinated by the s.c. route.

Trial 2

In further studies of i.m. vaccination,

most cranes developed N antibody (Table

3). Antibody was detected among all groups

of cranes except the nonvaccinated con-

trols. Cranes in groups 1 and 3, that re-

ceived a single inoculation and were pos-

itive for N antibody on days 20 and 30

postvaccination, were negative by day 60.

In contrast, the four sandhill cranes and

one whooping crane in group 2 that re-

ceived a 1.0 ml booster on day 30 had N

titers of 1:80 on day 60. Even though the

antibody response was enhanced by the

booster given on day 30, the titers on day

90 had waned by 1 to 3 dilutions. The

whooping crane did not have detectable

antibody at that time. Two of two sandhills

tested after 150 days were still positive.

TABLE 3. Neutralizing antibody exhibited by cranes following intramuscular administration of EEE viral

vaccine.

Group’ Inoculum

Days postvaccination

0 20 30 60 90 150

1 0.5 ml vaccine Neg”

Neg

Neg

Neg

10�

Neg

NDd

20

10

Neg

20

20

Neg

Neg

Neg

Neg

ND

ND

ND

ND

ND

ND

ND

ND

2 0.5 ml vaccine

initially; 1.0

ml vaccine on

day 30

Neg

Neg

Neg

Neg

Neg

20

10

10

20

20

10

10

10

20

ND

80

80

80

80

80

40

10

20

20

Neg

20

ND

ND

10

Neg

3 1.0 ml vaccine Neg

Neg

Neg

Neg

10

Neg

Neg

ND

Neg

Neg

Neg

20

Neg

Neg

Neg

Neg

ND

ND

ND

ND

ND

ND

ND

ND

Control

0.5 ml sterile

water

Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg

ND

ND

ND

ND

All cranes were sandhill cranes except the last bird in the second group which was a whooping crane.
“No plaque reduction by 1:10 dilution.

Reciprocal of highest serum dilution producing �80% plaque reduction.
d Not done.
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FIGURE 2. Eastern equine encephalitis viral neu-

tralizing antibody in whooping cranes with pre-ex-

isting antibody.
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FIGURE 1. Eastern equine encaphalitis viral neu-

tralizing antibody titers in vaccinated whooping cranes

with no evidence of pre-existing antibody.

Trial 3

EEE viral N antibody titers elicited in

15 previously nonvaccinated antibody

negative whooping cranes after primary

and booster vaccinations are presented in

Figure 1. Only one of 12 cranes tested

following primary vaccination had de-

tectable antibody. After the booster on day

30, antibody was detected in 10 (91%) of

the 11 cranes bled on day 60. Only two

(14%) of 14 cranes had detectable antibody

on day 180 postvaccination (one of the 15

cranes died between days 120 and 180 as

a result of intraspecific aggression). After

a second booster with the EEE viral vac-

cine on day 180, all cranes (13/13) tested

had antibody with a geometric mean titer

of 1:160 on day 210, or a four-fold or great-

er increase as compared to the titers ob-

served on days 30 or 60 after the primary

inoculation and booster. On day 255 all

cranes were still positive, but titers were

four-fold, lower and by day 470 only three

cranes exhibited detectable antibody.

Results of vaccination of four whooping

cranes with pre-existing naturally ac-

quired N antibody are presented in Figure

2. These cranes exhibited a high and sus-

tained N antibody response (� 1:1,280)

through 120 days postvacination. The geo-

metric mean antibody titer of � 1:1,280 on

days 30 through 120 postinoculation was

significantly greater (P < 0.001) than the

peak geometric mean titer of 1:40, ob-

served during the same time period for the

vaccinated cranes (Fig. 1) with no evi-

dence of pre-existing antibody.

Surveillance

All bobwhite quail and sandhill cranes

employed as viral sentinels remained neg-

ative for EEE viral antibody during the

summer and fall of 1985 at the PWRC.

DISCUSSION

Data generated by this study revealed

that a formalin-inactivated human EEE

viral vaccine elicited specific N neutral-

izing antibody in both sandhill and whoop-

ing cranes. A single dose of the vaccine

given i.m. induced either no detectable

antibody, or a low titered transitory anti-

body response. However, all seronegative

cranes exhibited detectable antibody after

two or more vaccinations. The immuno-

genicity of the vaccine for cranes was fur-

ther supported by the anamnestic-like re-

sponse of whooping cranes with pre-

existing antibody. This response was char-

acterized by a rapid and sustained high

antibody titer and differed significantly

from the low transitory antibody pattern

exhibited by the seronegative cranes. This

observation provided strong evidence that

the immune response of seronegative

cranes was induced by the EEE viral vac-

cine rather than possible exposure to a nat-
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ural EEE viral infection. That natural EEE

viral infection was not acquired was sup-

ported also by the failure to detect evi-

dence of infection by this virus in sentinel

bobwhite quail and sandhill cranes during

1985. Previous studies revealed that bob-

white were effective indicators of EEE vi-

rus transmission (Williams et a!., 1972).

Also, as observed during the 1984 outbreak

(Dein et al., 1986), sandhill cranes retained

in the same area as whooping cranes ac-

quired natural EEE viral infection dem-

onstrating their value as effective sentinels

for EEE virus activity.

Although the EEE viral vaccine elicited

antibody in whooping cranes, the protec-

tion afforded, if any, against natural in-

fection is unknown. Attempts to employ

an inactivated EEE viral vaccine to pre-

vent mortality among ringed-necked

pheasants (Phasianus coichicus) yielded

inconclusive results (Beaudette et a!., 1952;

Sussman et al., 1958; Snoeyenbos et a!.,

1978; Eisner and Nusbaum, 1983). How-

ever, observations on pheasants were de-

rived from single, rather than multiple vac-

cinations, as we administered to cranes.

More recent studies involving mamma!i-

an-alphavirus models indicated that vac-

cine induced protective N antibody, and/or

cellular immunity was demonstrable in the

absence of detectable N antibody (Schmal-

john et al., 1982). While the latter obser-

vations pertained to mammals, it is con-

ceivable that avians may respond similarly,

and therefore should be considered in eval-

uating the efficacy of the EEE viral vac-

cine for whooping cranes. Currently, how-

ever, direct challenge of vaccinated cranes

with live EEE virus as a measure of effi-

cacy is considered an unacceptable risk

because of the endangered status of this

species; the total number at the end of 1986

was 38 captive and 138 free-ranging cranes.

Alternative approaches, such as vaccinat-

ing and challenging other avian species,

particularly exotic species such as pheas-

ants that experience morbidity and mor-

tality could be implemented. However,

interspecific genetic differences may pre-

clude any realistic extrapolation of data.

Thus, the efficacy of the EEE viral vac-

cine-induced antibody for protecting

whooping cranes cannot be readily re-

solved by laboratory studies. An alterna-

tive approach currently being considered

is to monitor whooping cranes for protec-

tive evidence against natural EEE viral

infection, in conjunction with an ongoing

EEE viral surveillance program using bob-

white quail as viral sentinel animals and

estimates of larval and adult C. melanura

abundance.

The devastating impact of the EEE viral

epizootic among captive whooping cranes

at the PWRC must be considered as a po-

tential risk to the successful recovery of

this species. If the EEE viral vaccine is

efficacious, this could provide an effective

management strategy for minimizing the

risk of captive cranes to EEE viral infec-

tion. The vaccine is readily available, in-

expensive, and does not present any ap-

parent adverse side effects in cranes.

A booster appears necessary 30 days fol-

lowing the primary vaccination, and one

or more shots are required annually there-

after to sustain detectable antibody. Fi-

nally, if the EEE viral vaccine fails to pro-

tect cranes from fatal EEE viral infections

alternative approaches will need to be con-

sidered.

ACKNOWLEDGMENTS

We thank C. J. Peters, C. L. Bailey and T.
M. Yuill for their helpful suggestions during this

study, and F. E. Cole, Jr. and J. C. Morrill for

their critical review of this manuscript. We ac-

knowledge the technical staff of the Endangered

Species Research Branch at PWRC for their

excellent assistance. The views of the authors do
not purport to reflect the positions of the De-
partment of the Army or the Department of

Defense. Approved for public release; distri-

bution unlimited.

LITERATURE CITED

BE.&UDETTE, F. R., J. J. BLACK, C. B. HUDSON, AND

J. A. BIVINIS. 1952. Equine encephalomyelitis

in pheasants from 1947 to 1951. Journal of the

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 28 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



544 JOURNAL OF WiLDLIFE DISEASES, VOL. 23, NO. 4, OCTOBER 1987

American Veterinary Medical Association 121:

478-483.

CLARK, G. C., C. L. CRABBS, D. M. WATTS, AND C.

L. BAILEY. 1986. An ecological study of James-

town Canyon virus on the Delmarva Peninsula,

with emphasis on its possible vector. Journal of

Medical Entomology 23: 588-599.

DEIN, F. J., J. W. CARPENTER, C. G. CLARK, R. J.
M0NTALI, C. L. CRABBS, T. F. TSAI, AND D. E.

DOCI-IERTY. 1986. Mortality of captive whoop-

ing cranes caused by eastern equine encephalitis

virus. Journal of the American Veterinary Med-

icine Association 189: 1006-1010.

EISNER, R. J., AND S. R. NUSBAUM. 1983. Enceph-

alitis vaccination of pheasants: A question of ef-

ficacy. Journal of the American Veterinary Medi-

cal Association 183: 280-281.

MAIRE, L. F., R. W. MCKINNEY, AND F. E. COLE,

JR. 1970. An inactivated eastern equine en-

cephalomyelitis vaccine propagated in chick-em-

bryo cell culture. I. Production and testing.

American Journal of Tropical Medicine and Hy-

giene 19: 119-122.

SCI-IMALJOHN, A. L., E. D. JOHNsON, J. M.

DALRYMPLE, AND C. A. COLE. 1982. Nonneu-

tralizing monoclonal antibodies can prevent le-

thal alphavirus encephalitis. Nature (London) 297:

70-72.

SNOEYENBOS, C. H., 0. M. WEINACK, AND B. J.
ROSENAU. 1978. Immunization of pheasants for

eastern encephalitis. Avian Diseases 22: 386-390.

SUSSMAN, 0., D. COHEN, J. E. GERENDE, AND R. E.

KISSLING. 1958. Equine encephalitis vaccine

studies in pheasants under epizootic and pre-epi-

zootic conditions. Annals of the New York Acad-

emy of Sciences 70: 328-34 1.

WILLIAMS, J. E., D. M. WATTS, 0. P. YOUNG, AND

T. J. REED. 1972. Transmission of eastern (EEE)

and western (WEE) encephalitis to bobwhite sen-

tinels in relation to density of Culiseta melanura

mosquitoes. Mosquito News 32: 188-192.

0. P. YOUNG, AND D. M. WATTS. 1974.

Relationship of density of Culiseta melanura
mosquitoes to infection of wild birds with eastern

and western equine encephalitis viruses. Journal

of Medical Entomology 11: 352-354.

Received for publication 13 January 1987.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 28 Apr 2024
Terms of Use: https://bioone.org/terms-of-use




