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shown), suggesting the isotype of IgG elicited by this vaccine 
and adjuvant combination may play a role in lack of antibody 
protective activity.

Conclusions

The fact that the adjuvant choice and resultant antibody 
may be impacting the functional activity of the antibodies 
is intriguing and will hopefully be addressed in the future.  
That notwithstanding, the study illustrates considerable 
potential for the development of a novel vaccine for T. foetus. 
First, unlike bulls, cows do clear the infection and, presum-
ably, the immune system plays an important role. With the 
experimental challenge used in this study, only 1/16 cows 
appeared to clear the (vaginal) infection before embryonic 
signaling (approximately d 18) and before the beginning of 
placental attachment (approximately d 32). The challenge 
dose of 106 organisms may be a factor, and further studies 
should include a vaccination trial using natural insemination 
by infected bulls.

The current study also showed that vaginal infection is 
often tolerated during pregnancy without causing abortion.

In contrast to immunizing pigs and horses with a PNAG 
vaccine and Specol as adjuvant, that elicited functional and 
protective antibodies, in cows this same formulation elicited 
non-protective and non-functional antibodies as demon-
strated by our T. foetus data.

While the current study did not protect against T. foetus-
related early embryonic deaths, we suspect that the issue is 
not the lack of PNAG recognition by the antibody but rather, 
like in natural infections, the antibodies derived from immu-
nization with Specol as an adjuvant elicited non-protective 
antibodies.  Further work is therefore needed in this area for 
future development of an effective vaccine.

Endnotes

a Stimune® Immunogenic Adjuvant, Prionics, Lelystad, Neth- 
�����‡�”�Ž�ƒ�•�†�•�á���•�‘�™���’�ƒ�”�–���‘�ˆ�����Š�‡�”�•�‘���	�‹�•�…�Š�‡�”�����…�‹�‡�•�–�‹�Ð�‹�…�á�����ƒ�Ž�–�Š�ƒ�•�á������
b Alopexx Enterprises, LLC, Concord, MA
c ���Š�‡�”�•�‘���	�‹�•�Š�‡�”�����…�‹�‡�•�–�‹�Ð�‹�…�á�����ƒ�Ž�–�Š�ƒ�•�á������

d Sigma-Aldrich, St. Louis, MO
e AbD Serotec, Raleigh, NC
f Innovative Research, Novi, MI
g Cedarlane, Burlington, NC
h Stem Cell Technologies Inc., Cambridge, MA
i Boston Bioproducts, Ashland, MA
j Lutalyse, Zoetis, Parsippany, NJ
k Factrel, Zoetis, Parsippany, NJ
l In-Pouch TF Bovine, Biomed Diagnostics, White City, OR

Acknowledgements

This study was partially funded by the American As-
sociation of Bovine Practitioners Foundation. The authors 
�†�‡�…�Ž�ƒ�”�‡���•�‘���…�‘�•�Ð�Ž�‹�…�–���‘�ˆ���‹�•�–�‡�”�‡�•�–�ä

References

1. Cywes-Bentley C, Rocha JN, Bordin AI, Vinacur M, Rehman S, Zaidi TS, 
Meyer M, Anthony S, Lambert M, Vlock DR, Giguère S, Cohen ND, Pier GB. 
Antibody to poly-N-acetyl glucosamine provides protection against intracel-
lular pathogens: Mechanism of action and validation in horse foals challenged 
with Rhodococcus equi. PLoS Pathogens 2018;14:e1007160.
2. Cywes-Bentley C, Skurnik D, Zaidi T, Roux D, De-Oliveira RB, Garrett WS, 
Lu X, O’Malley J, Kinzel K, Zaidi T, Rey A, Perrin C, Fichorova RN, Kayatani 
AKK, Maira-Litran T, Gening M, Tsvetkov Y, Nifantiev NE, Bakaletz L, Pelton 
SI, Golenbock D, Pier GB. Antibody to a conserved antigenic target is protec-
tive against diverse prokaryotic and eukaryotic pathogens. Proc Natl Acad 
Sci 2013;110:E2209-E2218. PMCID: PMC3683766.
3. Hairgrove T, Anderson DP.  Economic aspects of trichomoniasis: Effects on 
U.S. cattle herd.  NCBA Summer Convention Presentation. 2015.
4. Rocha JN, Dangott LJ, Mwangi W, Alaniz RC, Bordin AI, Cywes-Bentley 
���á�����ƒ�™�Š�‘�•�������á�����‹�Ž�Ž�ƒ�‹�������á�����”�ƒ�›������á�����‹�‡�”���
���á�����‘�Š�‡�•�������ä���������
�æ�•�’�‡�…�‹�Ð�‹�…���‡�“�—�‹�•�‡��
IgG1 mediates significantly greater opsonization and killing of Prescottella 
equi (formerly Rhodococcus equi) than does IgG4/7 . Vaccine 2019;37:1142-
1150. doi: 10.1016/j.vaccine.2019.01.028. Epub 2019 Jan 26. PMID: 
30691984.
5. Skurnik D, Cywes-Bentley C, Pier GB. The exceptionally broad-based po-
tential of active and passive vaccination targeting the conserved microbial 
surface polysaccharide PNAG. Expert Rev Vaccines 2016;15:1041-1053. doi: 
10.1586/14760584.2016.1159135. Epub 2016 Mar 16. Review. PubMed 
PMID: 26918288; PubMed Central PMCID: PMC4985264
6. Wenzel J, Gifford C, Hawkes J. Economic impacts of trichomoniasis, in Pro-
ceedings. Applied Reproductive Strategies in Beef Cattle 2018. New Mexico 
State University, Ruidoso Convention Center, Ruidoso, NM, Aug 29-30, 2018.

1
9

6
8

1
st

 A
n

 n
u

a
l 

C
o

n
ve

n
ti

o
n 

C
h

ic
a

g
o

, 
Il

lin
o

is
 

N
o

ve
m

b
e

r 
2

4
-2

6

JA
V

M
A

, 
F

e
b

ru
a

ry
 1

, 
19

69
 h

a
d

 a
 r

e
p

o
rt

 o
n

 t
h

e
 F

ir
st

 A
n

n
u

a
l 

A
A

B
P

 C
o

n
ve

n
tio

n
 a

t 
th

e
 L

a
S

a
lle

 H
o

te
l, 

C
h

ic
a

g
o

 o
n 

N
o

ve
m

b
e

r 
2

4
-2

6
, 

19
68

. 
H

ith
e

rt
o

, 
th

e 
a

n
n

u
a

l m
e

e
tin

g
s 

h
a

d
 b

e
e

n
 h

e
ld

 in
 c

o
n

ju
n

ct
io

n
 w

ith
 th

e
 A

V
M

A
 

A
n

n
u

a
l 

M
e

e
tin

g
s.

 T
h

e
 r

e
p

o
rt

 s
ta

te
d

:
“T

h
is

 w
a

s 
th

e 
fi

rs
t 

co
n

ve
n

tio
n

 i
n 

re
ce

n
t y

e
a

rs
 w

h
e

re
 a

 b
o

vi
n

e
 p

ra
ct

iti
o

n
e

r 
co

u
ld

 e
lb

o
w

 t
o

 t
h

e
 r

ig
h

t o
r 

to
 

th
e 

le
ft

 a
n

d
 e

ve
ry

w
h

e
re

 fi
n

d
 a

 n
e

w
ly

 m
a

d
e

 fr
ie

n
d

 t
o 

ta
lk

 t
o 

a
b

o
u

t 
ca

tt
le

. 
H

o
p

in
g

 a
n

d
 p

ra
yi

n
g

 fo
r 

a
t 

le
a

st
 2

0
0

 
re

g
is

tr
a

n
ts

, 
th

e 
A

A
B

P
 o

ff
ic

e
rs

 w
er

e 
d

e
lig

h
te

d
 t

o
 fi

n
d

 t
h

e
m

se
lv

e
s 

h
o

st
s 

to
 m

o
re

 t
h

a
n

 3
5

0
 v

e
te

ri
n

a
ri

a
n

s.
 E

xh
ib

i-
to

rs
, 

sp
e

a
ke

rs
 a

n
d

 g
u

e
st

s 
sw

e
lle

d
 t

h
e 

a
tt

e
n

d
a

n
ce

 t
o 

4
25

.
 ”

O
n

e
 o

f 
th

e 
h

ig
h

lig
h

ts
 o

f 
e

ve
ry

 A
A

B
P

 C
o

n
ve

n
tio

n
 h

as
 b

e
e

n
 t

h
e

 P
ra

ct
ic

e
 T

ip
s 

S
e

ss
io

n
. 

A
t 

th
e

 C
h

ic
a

g
o

 
m

e
e

tin
g

 t
h

e
re

 w
e

re
 l

iv
e

ly
 d

e
sc

ri
p

tio
n

s 
o

f 
n

o
ve

l 
g

a
d

g
e

ts
 a

n
d

 p
ro

ce
d

u
re

s.
D

r.
 J

o
e

 K
n

a
p

p
e

n
b

e
rg

e
r,

 A
V

M
A

 P
re

si
d

e
n

t,
 w

a
s 

a 
g

u
e

st
 s

p
ea

ke
r.

 H
e

 s
p

o
ke

 o
f t

h
e

 p
ra

ct
ic

in
g

 v
e

te
ri

n
a

ri
a

n
s’

 
ro

le
 i

n 
th

e 
fu

tu
re

, 
tr

e
n

d
s 

w
h

ic
h

 w
o

u
ld

 l
e

ss
e

n
 t

he
 p

h
ys

ic
a

l 
st

ra
in

 o
n 

th
e

 p
ra

ct
iti

o
n

e
r 

b
y 

u
si

n
g

 i
m

p
ro

ve
d

 t
e

ch
-

n
iq

u
e

s 
a

n
d

 s
p

e
ci

a
lly

 t
ra

in
e

d
 a

ss
is

ta
n

ts
. 

H
e 

d
e

fin
e

d
 t

h
e 

fu
tu

re
 r

o
le

 o
f 

ve
te

ri
n

a
ri

a
n

s 
as

 s
u

p
e

rv
is

o
rs

 i
n

st
e

a
d

 o
f 

sk
ill

e
d

 l
a

b
o

re
rs

.
D

r. 
K

n
a

p
p

e
n

b
e

rg
e

r 
e

xp
re

ss
e

d
 c

o
n

ce
rn

 o
ve

r 
th

e 
sl

u
g

g
is

h
n

e
ss

 o
f 

n
e

w
 p

ro
d

u
ct

 d
e

ve
lo

p
m

e
n

t,
 d

u
e

 t
o

 t
h

e 
st

ri
n

g
e

n
t 

re
g

u
la

tio
n

s 
im

p
o

se
d

 b
y 

th
e 

F
o

o
d

 &
 D

ru
g

 A
d

m
in

is
tr

a
tio

n
 a

n
d

 t
h

e
 V

e
te

ri
n

ar
y 

B
io

lo
g

ic
a

ls
 D

iv
is

io
n

 o
f 

U
S

D
A

. 
H

e 
w

a
s 

a
ls

o
 c

o
n

ce
rn

e
d

 w
ith

 t
h

e 
d

im
in

is
h

in
g

 p
e

rc
e

n
ta

g
e

 o
f 

ve
te

ri
n

a
ri

a
n

s 
e

n
g

a
g

e
d

 in
 f

o
o

d
 a

n
im

a
l 

p
ra

c
-

tic
e.

 H
e 

u
rg

e
d

 m
e

m
b

e
rs

 t
o 

ta
ke

 a
 d

ir
e

ct
 i

n
te

re
st

 i
n 

th
e 

a
ct

iv
iti

e
s 

o
f 

th
e

ir
 s

ta
te

’s
 r

e
p

re
se

n
ta

tiv
e

 i
n

 t
h

e
 A

V
M

A
 

H
o

u
se

 o
f 

D
e

le
g

a
te

s.

A
A

B
P

 a
nd

 A
V

M
A

 c
o

u
n

te
rp

a
rt

s 
jo

in
 fo

rc
e

s 
a

t A
A

B
P

's
 f

ir
st

 a
nn

ua
l m

ee
tin

g
 

he
ld

 in
 C

hi
ca

go
, 

N
ov

. 
24

 -
26

, 
19

68
. 

Le
ft 

to
 r

ig
ht

: 
D

r. 
D

on
 W

ill
ia

m
s,

 A
da

, 
O

K
,

 
p

re
si

d
en

t 
o

f A
A

B
P

; 
D

r. 
Jo

e 
K

na
pp

en
be

rg
er

, 
O

la
th

e,
 K

S
, 

p
re

si
d

en
t 

o
f A

V
M

A
;

 
D

r. 
R

. 
A

. 
/v

ie
, 

F
ol

le
tt,

 T
ex

as
, 

p
re

si
d

en
t-

el
ec

t 
o

f A
A

B
P

; 
a

n
d

 D
r. 

Jo
hn

 B
.

 
H

er
ric

k,
 A

m
es

, 
/A

, 
p

re
si

d
en

t-
el

ec
t 

o
f A

V
M

A
 D

r. 
/v

ie
 t

oo
k 

o
ve

r 
a

s 
p

re
si

d
e

n
t 

o
f

 
A

A
B

P
 fo

r 
19

69
.

A
A

B
P

 o
ffi

ce
rs

 (
rig

ht
 t

o 
le

ft)
—

D
rs

. 
H

a
ro

ld
 A

m
st

u
tz 

(s
e

cr
e

ta
ry

-t
re

a
su

re
r)

, 
P

ur
du

e 
U

ni
ve

rs
ity

; 
Ir

w
in 

C
ol

lin
ge

 (
vi

ce
 p

re
si

d
en

t),
 E

m
po

ria
, 

K
S

; 
a

n
d

 F
ra

nc
is 

F
ox

 (
1

st
 D

is
tr

ic
t 

re
pr

e
se

nt
at

iv
e)

, 
N

ew
 Y

or
k 

S
ta

te 
V

et
er

in
ar

y 
C

ol
le

ge
, 

at
te

nd
in

g 
B

oa
rd

 o
f D

ir
e

ct
o

rs 
m

ee
tin

g.

15

�ª���$�P�Q�Z�S�J�H�I�U���"�N�F�S�J�D�B�O���"�T�T�P�D�J�B�U�J�P�O���P�G���#�P�W�J�O�F���1�S�B�D�U�J�U�J�P�O�F�S�T�����P�Q�F�O���B�D�D�F�T�T���E�J�T�U�S�J�C�V�U�J�P�O��


