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ABSTRA(:T: Twenty’ captive red wolves (Canis rufus), including 16 intended for release into Great

Smoky’ Mountains National Park, Cades Cove, Tennessee (USA), and four housed at Knoxville
Zoological Gardens, Inc. , Knoxville, Tennessee, were evaluated for immunologic response to vac-
cination between June 1994 and April 1995. Wolves were vaccinated with modified-live (MLV)

canine distemper virus (CDV) and canine parvovirus type-2 (CPV2). Sera were collected, and
immunofluorescent staining was performed for determination of immunogbobubin titers (CDV
1gM, CDV IgG, and CPV2 IgG). A capture enzyme-linked immunosorbent assay was performed
for validation purposes, to confirm the reactivity of our standard diagnostic reagents with red wolf

serum. All wolves produced a measurable antibody response to CDV and CPV2 vaccination. Titers
against CDV and CPV2 varied widely among individual wolves, but between-litter differences in
mean titers were not significant. No consistent response between the degree of response to CDV
versus CPV2 vaccination was observed in individual wolves. No differences were seen between

IgG responses of pups vaccinated with univalent vaccines given concurrently or during alternating
weeks. Pups had an IgG response to CDV and CPV2 vaccination as early as 9 wk of age. Mean

post-vaccination IgG titers against CDV were at or above the level normally measured in vacci-

nated domestic dogs. Mean post-vaccination IgG titers against CPV2 were below the level nor-
mally measured in domestic dogs. Adult previously-vaccinated wolves had measurable CDV and

CPV2 IgG titers more than 1 yr after vaccination, but did not have significant IgG titer increases
after revaccination. We conclude that red wolves are capable of producing an antibody response
after vaccination with commercial canine products but that their response to CPV2 vaccination
was minimal. This response can be assayed using tests developed for domestic dogs.

Key words: Red wolf, Canis rufus, vaccination, canine distemper virus, canine parvovirus,

serology.

INTRODUCTION

Canine distemper virus (CDV) and ca-

nine parvovirus type-2 (CPV2) have

caused disease and death in many species

of canids (Montali et al., 1987a, b; J. Zuba,

pers. comm.). Based on serologic and virus

isolation studies, CDV and CPV2 have

been implicated in population decreases of

several wild canid species (Alexander and

Appel, 1994; Alexander et al., 1994; John-

son et al. , 1994). Protection of non-do-

mestic carnivores by vaccination against

these viruses has been problematic, how-

ever, due to variable serologic responses to

vaccines, unknown duration of maternal

immunity in neonates, and vaccine-in-

duced disease associated with use of mod-

ified-live-virus (MLV) CDV products of

canine cell line origin (Montali et al.,

1983). Furthermore, controversy exists

whether transient im munosuppression

may result from use of multivalent MLV

vaccine products (Greene, 1990).

Two free-ranging juvenile red wolves

(Canis rufus) of the Red Wolf Recovery

Program of the U.S. Fish and Wildlife Ser-

vice (USFWS), Great Smoky Mountains

National Park (GSMNP), Cades Cove,

Tennessee (U SA) (35#{176}37’N , 83#{176}48‘W)

were found dead in July 1993. Canine par-

vovirus type-2 was isolated from the intes-

tinal tract of one of the wolves and was

suspected as the cause of death, although

autolysis precluded definitive diagnosis (N.

Thomas, pers. comm.). The mother of

these pups had been vaccinated 10 mo

previously with a multivalent MLV vac-

cine, yet her CPV2 immunogbobulin (IgG)



�)
e�

�

� �

(C �

r� �j

0
E �-

C �
(�1

I-c
C

1-�

c..

-�‘
>. - - �

c’ic� . .. . �‘ �-

� ‘N

� � -..

-(C

� �c � � � -c � � �
� �

� � � .-� L; � � (C’ � ‘N

c� � :�

�:

�<
z z -

‘N

.�‘ � �
i� �: � -�

cc tc �: �

e� � e�

C

C

C

C
I-

C

C
C

C

C

I-

F-

�.
� �

:. � _�
-� .�

.� .� �..

.� �

:� � �
� .� �--�

�
.�

.� E

c�t �

-� :�. �

:1:, ?�X

� �-/ �(

� ‘N�. � C�

t

-a � �.
� � � .�

c�- �

� �+

-� �:‘ � �.

.� E

� �

�

<� �z:.;:.;L;�

HARRENSTIEN ET AL-ANTIBODY RESPONSES OF RED WOLVES TO VACCINATION 601

titer was low 1 1 mo after the pups’ death;

this generated concern regarding the effi-

cacy of current vaccination protocols and

quantity of maternal antibody transfer.

We addressed the following questions:

whether red wolf pups could mount an

IgG response to CDV and CPV2 vaccina-

tion, whether concurrent or alternate-

week vaccination schedules induced a

more substantial IgG response in red wolf

pups, whether IgG titers persisted for lon-

ger than 1 yr in red wolves vaccinated as

juveniles, and whether univalent vaccines

stimulated an anamnestic IgG titer re-

sponse in previously-vaccinated adults.

MATERIALS AND METHODS

This study was conducted between June
1994 and April 1995. Twenty captive red wolves

of the Red Wolf Recovery Program of the

USF’WS, including 16 housed at GSMNP,

Cades Cove, Tennessee, and four housed at
Knoxville Zoological Gardens, Inc., Knoxville,

Tennessee (36#{176}00’N, 83#{176}53’W), were included
in this study. Wolves ranged in age from 6 wk

to 4 yr at the start of the study. Wolves were

housed in family groups in outdoor chain-link
enclosures approximately 235 m2 in area, and

offered dry dog food (Diamond Brand#{174}, Dia-
mond Pet Foods, Meta, Missouri, USA), hor-

semeat-based prepared diet (Nebraska Brand#{174}
frozen canine diet, Animal Spectrum, Inc.,
North Platte, Nebraska, USA), deer (Odocoi-
lens virginianus) carcasses, European wild hog

(Sus scrofa) carcasses, and water ad libitum.
Wolves were categorized into four groups

(Table 1). Group A consisted of five wolf pups,
two male and three female littermates. These
pups were released into GSMNP at age 9 wk,
visually monitored periodically by biologists of

the USFWS, and placed back into captivity at
age 8 mo. Group B consisted of eight wolf

pups, four males and four females from three

litters. Group C consisted of five adult wolves,
including one female and three male litter-

mates, and one unrelated female. Group D

consisted of the three mothers of Group A and
B pups. One adult female was included in both

Group C and Group D.
Wolves were vaccinated with MLV CDV

( FrommD#{174} canine distemper vaccine, Solvay

Animal Health, Inc., Mendota Heights, Mm-
nesota, USA, 1 ml administered subcutaneous-
ly) and CPV2 (Duramune#{174} KF-11 canine par-
vovirus-2 vaccine, Fort Dodge Laboratories,

Inc., Fort Dodge, Iowa, USA, 1 ml adminis-
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tered subcutaneously), and blood samples were
collected via jugular, cephalic, or saphenous
veins, using manual restraint, as described in

Table 1. The adult wolves (Groups C and D)
had been previously vaccinated with Duramu-

ne#{174}DA2P + PV + Leptospira canicola ictero-
haemorrhagiae (Fort Dodge Laboratories, Inc.,
1 ml administered subcutaneously or intramus-

cularly). Clotted blood samples were centri-
fuged, and the sera separated and frozen within

4 hr after blood collection. Sera were stored at

-70 C until serology could be performed.
To assess the reactivity of our diagnostic re-

agents with non-domestic canid serum, a cap-
ture enzyme-linked immunosorbent assay
(ELISA) was performed; we compared immu-
noglobulin binding patterns of domestic dog

IgG and red wolf serum. Domestic cat IgG and
bovine IgG were also analyzed by this ELISA
for comparison of binding among unrelated
species. The capture ELISA procedure was:
Immubon 2 ELISA plates (Dynatech Labora-

tories, Inc., Chantilly, Virginia, USA) were coat-
ed with 5 �g/ml of affinity-isolated rabbit anti-

dog IgG (Sigma Chemical Company, St. Louis,
Missouri), incubated 16 to 24 hr at OC, then
washed with phosphate buffered saline (PBS)
containing 0.05% Tween 20 (PBSTW) and
blocked for 30 mm with PBSTW. Samples to

be tested included dog serum, red wolf serum,
purified canine IgG, purified feline IgG, and
purified bovine IgG. Sera were diluted (1:
20,000 to 1:2,560,000) in PBSTW, and 100 p.l
of each sample were dispensed into each plate

well. Samples were incubated at 37 C for 1 hr,
then washed with PBSTW Phosphatase-con-

jugated, affinity-isolated, rabbit anti-dog IgG
was diluted 1:2000 in PBSTW and 100 p.l was

added to each plate well, then samples were
again incubated at 37 C for 1 hr, washed with
PBSTW, and washed with PBS; 100 p.l of phos-

phatase substrate (Sigma) was then added to
each well, and the optical density of each sam-

ple was determined at 405 nm.
Each wolf serum sample was assayed for

CDV 1gM, CDV IgG, and CPV2 IgG, using
domestic canine reagents and the immunoflu-
orescent staining (IFA) techniques of Rovozzo

and Burke (1973), with the following modifi-
cations. Antigen slides for CDV and CPV2
were prepared using Vero (for CDV) (Ameri-

can Type Culture Collection, Rockville, Mary-
land, USA) or feline kidney cells (for CPV2)
(American Type Culture Collection), cultured
in Dulbecco’s Modified Eagles Medium plus
10% fetal bovine serum. Kidney cells were in-

oculated with virus, harvested, rinsed and re-
suspended with PBS, and 5 �.d were added to

glass microscope slides. Approximately 70% of

cells in CDV slide aliquots were infected with

CDV, and approximately 40% of cells in CPV2

slide aliquots were infected with CPV2. Serum
doubling dilutions of 1: 10 to 1:40 were used for
CDV 1gM titer measurement, dilutions of 1:20
to 1:640 were used for CDV IgG titer mea-
surement, and dilutions of 1:5 to 1:640 were

used for CPV2 IgG titer measurement. Fluo-
rescent anti-dog antibody conjugates were di-
luted 1:200 (anti-dog 1gM, Organon-Teknika
Corporation, Durham, North Carolina, USA)
or 1: 150 (anti-dog IgG, Miles Laboratories,

Kankakee, Illinois, USA) and applied to anti-

gen-antibody sample areas. Dried slides were
then examined for significant cell fluorescence
using a darkfield microscope. A serum antibody
titer was considered to be the highest dilution
that had faint fluorescence. Purified antibody
(Sigma) and canine sera of known titers (Clin-
ical Virology Laboratory, University of Tennes-
see College of Veterinary Medicine, Knoxville,

Tennessee) were assayed along with all test

runs, to serve as positive controls. To minimize

the effects of variation between test runs, all
sera from an individual wolf were assayed in
the same test run. Assays were performed with-
out knowledge of sample identity.

Mean titers and standard errors were calcu-
lated geometrically and compared using the
two-tailed Student’s t test, at a significance level
of P < 0.05 (Strike, 1991). Titers of �1:640
were assigned values of 1:640, CDV 1gM titers
of < 1 : 10 were assigned values of one, CDV
IgG titers of <1:20 were assigned values of

one, and CPV2 IgG titers of <1:5 were as-
signed values of one for use in calculation of
mean titers.

RESULTS

Based on the capture ELISA, anti-dog

IgG reacted approximately 80% as strongly

to a randomly-selected serum sample from

a healthy adult red wolf as it did to a ran-

domly-selected serum sample from a

healthy adult domestic dog (Fig. 1). The

difference between canine versus wolf se-

rum reactivity for each serum dilution was

significantly less than the intraspecies dif-

ference between stepwise dilutions (P <

0.05).

Canine distemper virus 1gM titers were

�1:10 in all sera tested, except in one 6

wk old pup (1:20).

At age 51 wk, CPV2 IgG titers persisted

in the three wolves of Group A that could

be tested (Fig. 2). Wide variation was not-

ed in both CDV and CPV2 IgG titers
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FIGURE 1. Reactivity of domestic dog and red

wolf sertitis witls anti-dog IgG, measured by ELISA

as optical density at 405 ntis. Filled squares, domestic

clog; O1)Cti circles, red ��olL

among individual animals in Group B (Fig.

3).

Canine distemper virus IgG titers

ranged from 1:160 to 1:640 (mean ± SE

= 1:416 ± 96) and CPV2 IgG titers ranged

from 1:10 to 1:80 (mean ± SE 1:34 ±

14) in wolves of Group C.

Group D consisted of adult wolves re-

vaccinated as adults. Pre-booster CDV

IgG titers ranged from 1:40 to 1:160

(mean ± SE = 1:93 ± 35), and CPV2 IgG

titers ranged from 1:40 to 1:80 (mean ±

SE = 1:53 ± 13). These adult females’

most recent vaccinations had been admin-

istered 8 to 23 mo previously, using a mul-

tivalent vaccine. Three weeks after re-in-

oculation with univalent vaccines, their

CDV IgG titers ranged from 1:80 to 320

(mean ± SE = 1:160 ± 80), and CPV2

IgG titers ranged from 1:20 to 1:80 (mean

± SE = 1:46 ± 17).

DISCUSSION

In this study we demonstrated that red

wolves are capable of producing an anti-

body response after vaccination with com-

mercial canine products, and that this re-

sponse can be assayed using tests devel-

oped for domestic dogs. The small ob-

served disparity between wolf and

domestic canine serum reactivities is with-

in the expected range of accuracy of im-

munofluorescent antibody tests and is well

within the variation range which would be

FIGURE 2. Mean ± SE serum IgG titers hr ca-

nine distemper virus and canine parvovirus tvpe-2 in

five red wolf pups vaccinated concurrently �vith ititi-

valent vaccines (studbook numbers 706, 707. 7 1 0, 7 1 1

and 712, referred to as Group A in the text). \� canine

distemper an(1 canine parvovirus vaccines adnsitsis-

tered; filled squares, canine distemper; open circles,

canine parvovinis.

expected between sera of different individ-

ual conspecific animals (Pedersen, 1995).

The red wolf pups of Groups A and B

of this study generated significant IgG re-

sponses after their first CDV vaccination

at age 6 wk. Further IgG titer increases

were noted after the second CDV vacci-

nation (age 9 wk), and subsequent CDV

IgG titers remained at this level beyond

age 21 wk. These observations agree with

Greene ( 1990) regarding vaccine efficacy

and scheduling in domestic dog pups.

1c�o

FIGURE 3. Mean ± SE serum IgG titers hr ca-

nine distemper virus and canine parvovirus tvpe-2 in

eight alternate-week univalent vaccinated red wolf

pups (studbook numbers 709, 713, 719, 720, 732,

733, 734, and 736, referred to as Group B in Use text).

Vd, canine distemper vaccine administered; Vp. ca-

nine parvovirus vaccine administered; filled squares,

canine distemper; open circles, canine parvovirus.
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The pups’ first (age 6 wk) vaccination

against CPV2 also stimulated IgG titer in-

creases, although they were of less mag-

nitude than for CDV. Subsequent CPV2

IgG titers remained at this level through

21 wk of age. These data are in contrast to

observations of domestic dog pups, in

which CPV2 vaccines may not stimulate

IgG titer increases until 12 to 20 wk of age

(Greene, 1990), as well as maned wolf

pups (CIi flJSOC�Ofl brachyunis) (earliest

CPV2 vaccination response at 14 to 18 wk

of age) and bush dog pups (Speothos yen-

aticus) (earliest CPV2 vaccination re-

sponse at 23 wk of age) (Janssen et al.,

1982). Early CPV2 IgG response in the

red wolf pups of this study may be due to

lack of interference from maternally-de-

rived passive immunity, although the

mothers’ mean CPV2 IgG titer was similar

to the mean titer of other adult red wolves.

Alternatively, it may be due to a possible

difference in the immunogenicity and

pathogenicity of CPV2 in red wolves com-

pared to other canids.

Genetic background did not consistently

determine antibody response. Titers varied

widely among individual wolves, but be-

tween-litter differences in mean titers

were not statistically significant. No con-

sistent relationship could be detected be-

tween degree of response to CDV versus

CPV2 vaccination in individual wolves.

No definite conclusions can be made re-

garding the possibility of multivalent, con-

current univalent, or alternate-week uni-

valent vaccine-induced immunosuppression

in red wolf pups. Examining pre-vaccina-

tion (age 6 wk) data and post-vaccination

(age 9 wk) data, there were no differences

in pups’ IgG responses to univalent vac-

cines given concurrently (Group A) or dur-

ing alternate weeks (Group B); thus both

vaccination regimens probably have simi-

lar immunomodulating effects. Two of five

pups given concurrent vaccinations could

not be found for recapture at the end of

the free-ranging period post-vaccination,

and were presumed dead. Vaccine-in-

duced disease cannot be ruled out as their

cause of death, although their mortality

rate is well within that expected for free-

ranging pups that have not been vaccinat-

ed (C. Lucash, unpub.), and vaccine-in-

duced disease has never been identified in

captive red wolves. Further studies are

needed to determine the effects of con-

current CDV/CPV2 vaccination on im-

mune function in red wolves.

Adult red wolves’ IgG titers for both

CDV and CPV2, measured 17 to 20 mo

after their juvenile multivalent vaccine se-

ries, were similar to the longterm post-vac-

cination data from other red wolves of this

study. Although these adults’ titers as ju-

veniles were not known, we conclude that

measurable IgG titers are present in red

wolves more than 1 yr after juvenile vac-

cination for CDV and CPV2. Exposure to

wild type virus due to contact with wild

and feral mammals cannot be excluded as

a possible additional stimulus for antibody

production, although recent (�90 days

previous) exposure to virulent virus would

have also been evidenced by increased

1gM titers (Appel, 1987).

Adult red wolves revaccinated with uni-

valent vaccines had no significant changes

in IgG titers for either CDV or CPV2.

Thus, their immune responses probably

had reached maximum levels before the

repeat vaccination was performed. Alter-

natively, adult wolves could take longer

than 3 wk to respond measurably to revac-

cination, as has been suggested by Spencer

and Burroughs (1990) for the vaccine re-

sponses of wild dogs (Lycaon pictus).

It is not yet possible to define the pro-

tective benefit of the CDV and CPV2 IgG

titers measured in this study. For domestic

dog sera evaluated by IFA at the Univer-

sity of Tennessee College of Veterinary

Medicine Clinical Virology Laboratory, a

CDV or CPV2 IgG titer of �1:160 was

considered to be substantial, and may cor-

relate with protection (M. Kennedy, pers.

comm.). The titers measured in this study

should not be presumed to afford protec-

tion of red wolves from viral challenge,

however. Further studies are needed to as-
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Receicedfor 1)ul)lk’atiOH 24 July 199.5.

sess the protection afforded to red wolves

by CDV and CPV2 vaccination.
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