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Host parasite relationships in the female genital tract were studied in bovine
venereal vibriosis by investigating agglutinin production and alterations in
superficial antigens of the bacterium during the course of infection in two heifers.
Cervicovaginal mucus (CVM) steamed cell agglutinins were shown to appear
earlier and remain at consistently higher levels than whole-cell agglutinins.
Whole-cell agglutinin titers fluctuated much more than steamed cell titers,
suggesting possible changes in whole-cell antigens. Marked antigenic variation
was demonstrated in successive monthly CVM isolates from the two heifers by
agglutination tests with rabbit antisera of various specificities. Some changes in
CVM antibody specificity during the infection were noted also. Antigenic
variation in the bacterium was proposed as a mechanism for maintenance of the
asymptomatic cervicovaginal carrier state in the presence of antibody.

Bovine vibriosis is a naturally occurring vene-
real disease caused by Campylobacter (Vibrio)
fetus venerealis (19). It is characterized by
transient infertility and mild endometritis
which is often followed by persistent cer-
vicovaginal infection in the presence of anti-
body (18). The latter feature presents a problem
in control since asymptomatic animals may
transmit the infection at coitus. In this respect
it is similar to the asymptomatic carrier state of
gonorrhea (13).
How the etiological agents of these two vene-

real diseases maintain themselves in the pres-
ence of host immune responses is not known.
However, it has been suggested that microbial
antigenic variation may be responsible for sur-
vival of pathogenic organisms in the face of host
defenses (1). Such antigenic variation is known
to occur in some viral and protozoal diseases (3,
8) but has not been well studied in bacterial
infections.
The present investigation was undertaken

because C. fetus does persist on a mucous
surface in the presence of antibody and an in
vivo transition in serotype had been observed in
an earlier study of isolates from persistent
genital infections with an intestinal strain (16).
On this basis, it was decided to determine the
antigenic makeup of cervicovaginal mucus
(CVM) isolates taken at intervals throughout
infection with a venereal strain of C. fetus and
to compare any antigenic changes with changes
in CVM antibody specificity.

MATERIALS AND METHODS
Treatment of animals. Two-year-old virgin Hol-

stein heifers were infected cervicovaginally at estrus
with 1.0 ml of suspension containing 106 to 2 x 106 C.
fetus venerealis organisms (0.5 ml deposited in the
caudal cervix and 0.5 ml in the cranial vagina). A
cloned population of cells (1016-43b3) was used for
infection as described in the companion paper (17).
Samples of CVM were collected weekly by aspiration
into uterine infusion pipettes and divided for bacterial
culture procedures (21) and antibody extraction (16).
The total amount ofCVM remaining after culture was
extracted in 5 ml of saline rather than on a weight-
volume basis, because weight changes in CVM are
due largely to changes in hydration at various stages
of the estrus cycle and may not reflect changes in
amount of antibody protein.

Cultured mucus was incubated for 3 days on blood
plates with antibiotics in an atmosphere of 10% CO2,
2.5% 02, and 87.5% N (21). Then, sweeps of C. fetus
colonies were streaked heavily on fresh plates, har-
vested in sterilized skimmed milk after 3 days of
incubation, and frozen at -70 C for subsequent
antigen production.

Agglutination tests. Bacterial cells were recovered
in formolized saline after 3 days of incubation on
blood plates and adjusted to an optical density at 525
nm of 0.6. Cells were not washed. Equal volumes of
cell suspensions and doubling dilutions of serum or
CVM extracts were incubated overnight at 50 C. The
titer was taken as the reciprocal of the last dilution
which gave 50% clearing. In initial tests, antigens
consisted of whole (W) or steamed (0) cells (16) of an
uncloned population of C. fetus venerealis strain
1016-43b. Antigenic variation was studied by testing
whole cells of the cloned infecting strain (1016-43b3)
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and of monthly isolates against various rabbit anti-
sera. The sera against heat-labile antigens 1 to 7 (2)
and postgrowth broth antigens (12) were provided
by R. Berg (Veterinary Research Laboratory, Mon-
tana State University, Bozeman, Mont.). Serum pool
331-332 was obtained from two rabbits immunized
with whole 1016-43b cells and pool 333-334 (O anti-
serum) from two rabbits immunized with steamed
1016-43b cells. Serum 321 was produced with an
immunoprecipitate developed with a heat-labile anti-
gen removed from C. fetus cells by extraction with pH
2.2 glycine-hydrochloride buffer. Removal of this
substance permits agglutination of whole cells in 0
antiserum, so serum 321 was taken to be directed
against a superficial somatic antigen (antigen [a]),
possibly the microcapsule.
W antigens from monthly isolates and the infecting

strain were also tested against selected CVM extracts
from the two heifers to determine whether changes in
antibody specificity followed antigenic changes.

RESULTS
CVM from heifer 55 was culturally positive

for the first 4 months of the experiment. No
further isolations of C. fetus were made from
CVM or from the whole tract at necropsy. In
contrast, CVM from heifer 20 was culturally
positive throughout the 10-month experimental
period with the exception of 2 consecutive weeks
during the 6th month.

Agglutinin titers of CVM from both heifers
against the uncloned strain 1016-43b varied
from week to week. 0 agglutinins appeared first
and remained relatively higher than W ag-
glutinins throughout both infections. 0 titers
persisted for 3 months after termination of
infection in heifer 55 (Fig. 1). W titers appeared
several weeks later and several antibody peaks,
followed by drops to very low levels, were noted
in each animal (Fig. 1).

Antigenic analysis of CVM isolates from heif-
ers 20 and 55 (Table 1) revealed many changes
in superficial antigens. Reactions to antisera
specific for factors 2, 3, 4, 5, and 6, as well as
antigen [a] (antiserum 321), developed or disap-
peared with great differences in titer. Reactions
to antisera directed against mixtures of superfi-
cial antigens (postgrowth broth; 331-332) re-
vealed 10- to 100-fold fluctuations in titer,
implying substantial changes in quantities of
these antigens on the cell surface. Isolates
periodically became slightly agglutinable with
O antiserum, further indicating losses of super-
ficial components. These results were reproduc-
ible (with each of six isolates) with second lots
of antigen produced from the original frozen
isolates.

Since it was hypothesized that antigenic
variation in vivo would bring about later

WEEKS POST INFECTION

FIG. 1. Agglutination titers of CVM antibody ex-
tracts tested against strain 1016-43b 0 and W anti-
gens (0, steamed C. fetus cells; W, whole C. fetus
cells). 1eifer 20 CVM was culturally positive through-
out the experimental period except for weeks 26 and
27. Heifer 55 CVM was culturally positive until week
18 and negative thereafter.

changes in specificity of mucosal antibodies, the
CVM isolates were tested against CVM anti-
body extracts from selected times throughout
infection. Agglutination titers for heifer 55
CVM isolates and extracts are recorded in Fig.
2. No overall pattern emerged. W agglutinins
did not appear for several weeks, but when they
were detected they reacted best with the infect-
ing strain. Isolates obtained late in the infection
(e.g., days 98 and 120) did not react well with
CVM extracts taken at the time of isolation, but
reactivity increased with later extracts.

DISCUSSION
Antigenic variation is known to be an adap-

tive feature of several agents pathogenic for
man and animals. Immunological drift has been
associated classically with influenza virus and
appears to be an evolutionary mechanism for
survival in the host population. Fenner et al. (5)
suggest that any viral infection of mucosal
surfaces in vertebrates probably has such an
evolutionary mechanism since presence of small
amounts of local antibody on the secretory
surface of susceptible cells would provide an
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TABLE 1. Agglutination titers of rabbit antisera tested against C. fetus strains isolated from CVM of two heifers
at successive stages of infection

Source of whole cell antigens
Specificity
of rabbit Isolates from heifer 20 Isolates from heifer 55
antisera' It, It,

ant28C 60 99 127 155 169 197 219 21 35 67 98 120

[a] - - 640 641J 160 - -

2 40d - _ _- - - - _ 40 40 _ _ -

3 _ 320 - 640 - _- - 1,280 - _ 80 80 -

4 320 - _ 40 2,560 80 1,280 40 - 320 _ - 1,280 2,560
5 _ _ _ _ _ _ _ _ _ _ 320 320 160 - -

6 _ - 1,280 40 40 - _ _ _ _ 640 640 1,280 - 40

PGB 320 80 - 640 2,560 80 2,560 160 1,280 320 80 40 - 2,560 2,560
W 2,560 1,280 5,120 1,280 640 640 320 2,560 640 2,560 640 640 2,560 320 640
0 - - 40 40 40 - 40 40 - - 40 40 40 -

I Antigens [a], 1, 2, 3, 4, 5, 6, and 7 are specific heat-labile surface antigens of C. fetus. Mixed antigens include postgrowth
broth (PGB), 1016-43b whole cell antigens (W), and 0 antigens (0).

I, Infecting strain 1016-43b3.
c Day of isolation.
d Lowest dilution tested was 1/40.
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FIG. 2. Agglutination titers of heifer 55 CVM anti-
body extracts tested against heifer 55 CVM isolates
and infecting strain (I).

excellent environment for selecting among anti-
genic variants. It was proposed (5) that such
variants could bypass antibody directed against
the infecting strain and multiply sufficiently to
be transmissible to a fully susceptible host.
There are also several chronic systemic infec-

tions where the infecting agent is known to
evade the individual host's immune response by

successive antigenic transitions. For example,
in the protozoan blood-borne infections of ma-
laria (3) and trypanosomiasis (7), periodic fluc-
tuations of parasitemia (with associated remis-
sions and exacerbations of symptoms) have
been shown to parallel the proliferation of new
serotypes which are not susceptible to host
antibodies. However, production of antibody
specific for the variant begins within a few days
and initiates another cycle. Recently, such anti-
genic variation was reported to be responsible
for the persistent viremia and recurrent fever
characteristic of equine infectious anemia (8).
Evidence is scarce that antigenic transitions

in vivo are operative in persistent bacterial
infections, even though antigenic polymorph-
ism in pathogens such as Escherichia coli,
Diplococcus pneumoniae, and Salmonella is
well known (1). Changes in antigens of Vibrio
cholera strains isolated during infection of gno-
tobiotic mice have been documented (10, 15).
The earlier report from this laboratory of anti-
genic transition in an intestinal strain of C.
fetus during a prolonged genital infection (16)
and the present observations of a series of
antigenic changes during infection with a vene-
real strain indicate that such adaptive mech-
anisms do occur in this infection. Many changes
in surface antigens during infection were re-
vealed by the data in Table 1. Drops in aggluti-
nation titers with standard rabbit antisera indi-
cated that antigens had been lost or were no
longer exposed on the cell surface. Increases in
titer were seen also and suggested that altered
populations of organisms with new surface anti-
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gens, or with preexisting antigens displayed on

the surface in differing proportions, had prolif-
erated as the original population was being
selected against by the immune response. The
prolonged presence of the organism in the
caudal reproductive tract in the presence of
mucosal antibody may be explained by anti-
genic variations of this kind. A similar mecha-
nism could account for the troublesome carrier
state in gonorrhea.
Mechanisms which cause the emergence of

new variants are unknown but the immune
response is undoubtedly a factor. Selection of
organisms resistant to antibody from a popula-
tion of varying susceptibilities is a possibility.
Antiserum has been shown to suppress develop-
ment of selected antigens with trypanosomes
(6), viruses (9), and bacteria (4, 10, 11, 14). In
the present study, however, a cloned population
of organisms was used for infection so that a

simple selection from variants existing in the
inoculum does not appear likely. The fact that
clones of trypanosomes produce many antigenic
variants (6) supports this conclusion. Other
possible mechanisms responsible for antigenic
polymorphism in bacteria include highly muta-
ble genes, phase changes, episomal control (1),
or other intracellular control systems. The sero-

logic reactions of uncloned strains of C. fetus
remain stable through many in vitro passages,

although a low proportion of antigenic variants
have been noted among individual colonies of a

single strain (E. McCoy, personal communica-
tion). Therefore, we hypothesize that organisms
change by one or more of the above mechanisms
and that population changes occur in vivo
because of selective pressures due to the im-
mune response.

In malaria (3) and equine infectious anemia
(8), serum taken at the time of isolation of the
agents did not react well with the isolate but
subsequent serum samples gave much higher
titers. In vibriosis, a similar pattern was ob-
served with some CVM isolates and antibody
extracts (Fig. 2). These observations may ac-

count for the ability of new variants to evade the
host's immune response. The less consistent
pattern in vibriosis me be due to the fact that
each C. fetus isolate had several superficial
antigens. Since it is not known which antigens
are important virulence factors nor which im-
mune responses are most effective in protection,
the agglutination titers may not reflect com-

pletely host-parasite interactions in selection of
variants. However, the agglutination data dem-
onstrate clearly that antigenic changes in C.
fetus do occur during infection. Such antigenic
changes must be taken into account in produc-

tion of vaccines since variants may survive in
the presence of antibodies to vaccine antigens as
has been shown by Schurig et al. (17). This
variation should be considered in choosing anti-
gens for diagnostic CVM agglutination tests
also because W antibodies present in CVM may
be missed if inappropriate W antigens are used.
The simplest solution to the last problem is the
use of 0 antigens or strains agglutinable by 0
antiserum such as UM (20) in diagnostic tests.

ACKNOWLEDGMENTS
We thank Laura Ward and Patricia Olender for technical

assistance and Joyce Reyna for preparation of the manu-
script. We are grateful also to C. E. Hall for management of
clinical aspects of the experiment and to R. Berg for providing
specific C. fetus antisera.

The work was supported in part by Public Health Service
grant AI-11160 from the National Institute of Allergy and
Infectious Diseases.

LITERATURE CITED

1. Beale, G. H., and J. F. Wilkinson. 1961. Antigenic
variation in unicellular organisms. Annu. Rev. Med.
15:263-296.

2. Berg, R. L., J. W. Jutila, and B. D. Firehammer. 1971. A
revised classification of Vibrio fetus. Am. J. Vet. Res.
32:11-22.

3. Brown, I. N., K. N. Brown, and L. A. Hills. 1968.
Immunity to malaria: the antibody response to anti-
genic variation by Plasmodium knowlesi. Immunology
14:127-138.

4. Douglas, G. W., A. C. McWhorter, and P. R. Edwards.
1962. Natural occurrence of induced or artificial flagel-
lar antigens in Salmonella newport. J. Bacteriol.
83:348-350.

5. Fenner, F., B. R. McAuslan, C. A. Mims, J. Sambrook,
and D. 0. White. 1974. The biology of animal viruses,
2nd ed, p. 618-640. Academic Press Inc, New York.

6. Gray, A. R. 1967. Some principles of the immunology of
trypanosomiasis. Bull. W. H. 0. 37:177-193.

7. Hoare, C. A. 1972. The trypanosomes of mammals, p.
116-117. Blackwell Scientific publications, Oxford.

8. Kono, Y. 1973. Recurrences of equine infectious anemia,
p. 175-186. Proc. 3rd Int. Conf. Equine Infect. Dis.
Karger, Basel.

9. Laver, W. G., and R. G. Webster. 1968. Selection of
antigenic mutants of influenca viruses. Isolation and
peptide mapping of the hemagglutinating proteins.
Virology 34:193-202.

10. Miller, C. E., K. H. Wong, J. C. Feeley, and M. E.
Forlines. 1972. Immunological conversion of Vibrio
cholerae in gnotobiotic mice. Infect. Immun.
6:739-742.

11. Mitscherlich, E. von, and R. Heider. 1968. Changes in the
0-antigen type of Vibrio fetus strains. Zentralbl. Veter-
inaermed. Reihe B 15:486-493.

12. Myers, L. L. 1971. Purification and partial characteriza-
tion of a Vibrio fetus immunogen. Infect. Immun.
3:562-566.

13. Nolan, G. H., and N. Osbome. 1973. Gonococcal infec-
tions in the female. Obstet. Gynecol. 42:156:164.

14. Ogg, J. E., and W. Chang. 1972. Phage conversion of
serotypes in Vibrio fetus. Am. J. Vet. Res.
33:1023-1029.

15. Sack, R. B., and C. E. Miller. 1969. Progressive changes
in vibrio serotypes in germ-free mice infected with
Vibrio cholerae. J. Bacteriol. 99:688-695.

243VOL. 11, 1975



CORBEIL ET AL.

16. Schurig, G. D., C. E. Hall, K. Burda, L. B. Corbeil, J. R.
Duncan, and A. J. Winter. 1973. Persistent genital
tract infection with Vibrio fetus intestinalis associated
with serotypic alteration of the infecting strain. Am. J.
Vet. Res. 34:1399-1403.

17. Schurig, G. G. D., C. E. Hall, L. B. Corbeil, J. R. Duncan,
and A. J. Winter. 1975. Bovine venereal vibriosis: cure
of genital infection in females by systemic immuniza-
tion. Infect. Immun. 11:245-251.

18. Vandeplassche, M., A. Florent, R. Bouters, A. Huysmin,
E. Brone, and P. Dekeyser. 1963. The pathogenesis,
epidemiology, and treatment of Vibrio fetus infection

INFECT. IMMUN.

in cattle. C. R. Rech. IRSIA 29:1-90.
19. Veron, M., and R. Chatelain. 1973. Taxonomic study of

the genus Campylobacter Sebald and Veron and desig-
nation of the neotype strain for the type species
Campylobacter fetus (Smith and Taylor) Sebald and
Veron. Int. J. Syst. Bacteriol. 23:122-134.

20. Winter, A. J. 1966. An antigenic analysis of Vibrio fetus.
III. Chemical, biologic, and antigenic properties of the
endotoxin. Am. J. Vet. Res. 27:653-658.

21. Winter, A. J., K. Burda, and H. 0. Dunn. 1965. An
evaluation of cultural technics for the detection of
Vibrio fetus in bovine semen. Cornell Vet. 55:431-444.

244


