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Combined vaccination of live 1B Chlamydophila abortus and killed phase |
Coxiella burnetii vaccine does not destroy protection against
chlamydiosis in a mouse model
Abdessalem Rekiki, Amel Bouakane, Annie Rodolakis

Abstract

Q fever and chlamydiosis often affect ovine and caprine flocks simultaneously or successively. Combination vaccines effective
against these 2 diseases would be of great value in veterinary medicine. Unfortunately, the current effective vaccines are a live
vaccine for chlamydiosis and killed vaccine for Q fever. Vaccination of mice with live chlamydiosis vaccine 1B and killed
phase I vaccine against Q fever at 2 points on the back at the same time produced good protection against chlamydial abortion.
This suggests that it may be possible to vaccinate ewes and goats against chlamydiosis and Q fever simultaneously.

Résumé

La fievre Q et la chlamydiophilose peuvent souvent affecter des troupeaux ovins et caprins simultanément ou de maniére successive. Des
combinaisons de vaccins efficaces contre ces deux maladies seraient grandement bénéfiques en médecine vétérinaire. Malheureusement, les
vaccins actuels qui sont efficaces sont un vaccin vivant pour la chlamydiophilose et un vaccin tué pour la fievre Q. La vaccination simultanée
a 2 endroits sur le dos de souris avec le vaccin vivant 1B de la chlamydiophilose et le vaccin tué de la phase I de I'agent de la fievre Q a
permis d'induire une bonne protection contre I'avortement par Chlamydophila. Ces résultats suggerent qu’il serait possible de vacciner

simultanément les brebis et les chevres contre la chlamydophilose et la fievre Q.

The main causes of infectious abortion in small ruminants include
Brucella melitensis, Chlamydophila abortus, Coxiella burnetii, Salmonella
abortusovis, and Toxoplasma gondii. They also present a zoonotic
potential. Collective and repeated antibiotic treatments during an
outbreak are expensive, very often ineffective, and sometimes dan-
gerous, as they can result in antibiotic resistance. Therefore, preven-
tion with antibiotics should be discouraged. Vaccination of animals
with an effective vaccine that stops abortion and prevents vaginal
excretion at lambing is the recommended control measure. However,
2 or more contagious organisms can simultaneously or successively
affect a flock during an outbreak of abortion (1,2). The simultaneous
use of 2, 3, or more valences in polyvalent vaccines could, therefore,
greatly reduce the cost of veterinary prophylaxis and the incidence
of such infections (3). Killed adjuvant vaccines are easy to produce
and killed multivalent vaccines are widely used in pediatric vaccina-
tion (4). Similarly the combined vaccination of ewes with killed
Chlamydophila and Campylobacter strains (1) or Chlamydophila and
Coxiella strains (5) has been proposed. Nevertheless, although such
vaccination sometimes decreases the rate of abortion, shedding of
at least Chlamydophila persists, which is very dangerous from both
epidemiological and public health points of view. Only live vaccines
are effective against brucellosis (Rev 1 strain), chlamydiosis (1B strain),
salmonellosis (Rv6 strain) and toxoplasmosis (548 strain). Combination
of live attenuated vaccines has also been successfully developed.
Simultaneous administration of Rev 1, 1B, and Rv 6 vaccines pre-
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serves the immunogenicity of the all-3 vaccinal valences in mice (6).
Similarly, the association of 3 live Chlamydophila, Brucella, and
Salmonella vaccines did not decrease antichlamydophila immunity
in ewes (7). The live chlamydiosis vaccine is also compatible with
the live toxoplasmosis vaccine if they are injected at 2 separate injec-
tion sites, whereas injection at the same site decreases the efficacy
of the 1B vaccine (8).

Live C. burnetii vaccine is not yet available, whereas infection of
ruminants with C. burnetii represents the major reservoir for human
Q fever. A killed C. burnetii vaccine combined with a killed vaccine
against chlamydiosis is commercially available in France (Chlamyvax
FQ; Mérial, Lyon, France). However, the Coxiella in this vaccine are
in phase I and it has previously been shown that only killed vaccines
with Coxiella in phase I are effective against the infectious form of
C. burnetii, which is in phase I (9-12). A killed phase I-derived vac-
cine, compounded of highly purified corpuscular antigen C. burnetii
strain Nine Mile inactivated by formaldehyde without adjuvant, has
been developed in Slovakia (13) and could be marketed by CEVA
Santé Animale (Libourne, France). To our knowledge, the effects of
combining a live and a killed vaccine have never previously been
studied. The aim of this study was to evaluate, in a mouse model,
the effects of simultaneous vaccination with the live C. abortus
1B vaccine and the killed phase I-Coxiella vaccine administrated at
2 separate injection sites on the effectiveness against subsequent
chlamydia challenge.
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Figure 1. Effectiveness against virulent C. abortus strain AB7 challenge,
for live chlamydiosis vaccine strain 1B alone (group 1B/AB7) combined
with phase | Q fever vaccine Q VAX (FQ) (CEVA) (group 1B-FQ/AB7) in a
mouse model. Two groups of 20 vaccinated and 1 group of 20 unvaccinated
pregnant mice (group AB7) were challenged with 1 X 105 plaque-forming
units (PFU) of C. abortus strain (AB7), and the average number of living
offspring per mouse was recorded daily for 8 d. The number was not sig-
nificantly different between the unchallenged control group (pregnancy
group) and the vaccinated groups, but was significantly different between
the 3 groups and the unvaccinated challenged group (P < 0.0001).

For this purpose, 75 6-week-old OF1 mice (Swiss IFFA; Credo,
I’ Arbresle, France), average weight 20 g, were divided into 4 groups:
a single vaccination group (n = 20), which received 1B chlamydial
vaccine alone; a double vaccination group (1 = 20), which received
the live 1B vaccine and the killed phase I Coxiella vaccine; a virulence
group (n = 20), which was unvaccinated and challenged; and a
control group (n = 15), which was unvaccinated and unchallenged.
The mice were reared in a controlled environment (21°C, 60% relative
humidity) on sterilized wood shavings with free access to water and
sterilized food (14). They were free from common viral and bacterial
pathogens according to routine screening procedures. Maintenance
and care of experimental animals were in accordance with National
Decree, N° 2001-464, May 2001, concerning animal testing in
France.

The virulent C. abortus AB7 strain, isolated from an aborted ewe
(14), and the temperature-sensitive vaccine strain 1B (14), used in
this study, were propagated in the yolk sacs of chicken embryos and
stored at —70°C until use.

Subcutaneous vaccination was performed in the back. Both
single vaccination and double vaccination groups were vaccinated
with 1 X 10° plaque-forming units (PFU) of the C. abortus 1B vac-
cine per mouse, which is the dose administered to sheep (15). At
the same time, the double vaccination group was vaccinated at
another location on the back with 0.2 mL of the formalin inacti-
vated phase I C. burnetii vaccine (1/10 of dose administered to
sheep). Three weeks later, according to the manufacturer’s instruc-
tions, a boost of 0.2 mL of the killed phase I C. burnetii vaccine was
administered.

Two months after the first vaccination, all 3 groups (single vac-
cination, double vaccination, and virulence) were challenged intra-
peritoneally at 11 + 1 d of gestation with a suspension of 3.4 X 10*
PFU virulent C. abortus strain AB7/mouse, as previously described
(14). Survival of mice pups was monitored daily for 8 to 10 d. Data
were analyzed for treatment effect by gross linear means (GLM)
software (Stat View, Version 5; SAS Institute, Cary, North Carolina,
USA). Mean differences were determined using Fisher’s test of

least significance. The level of statistical significance was pre set at
P <0.05.

Inoculation of pregnant mice with virulent C. abortus AB7 strain
induced intrauterine infection in fetuses leading to death or the birth
of weak pups that did not survive. Numbers of living offspring at
birth and during the 1st wk of life can, therefore, be used to estimate
the level of infection in mice and the efficacy of the vaccination
(14,15). The average number of living offspring in the single vaccina-
tion and double vaccination groups were not significantly different
from those in the control group, but were significantly different from
those in the virulence group (P < 0.0001) (Figure 1), showing the
effectiveness of the vaccine strain 1B. These results were obtained
on mice and not on the target animals (ewes or goats). Moreover,
protection was assessed against the parental strain since 1B was
obtained by a nitrosogunanidine-induced mutation of strain AB7.
The aim of this study was not to check the efficacy of vaccine
strain 1B, which has been shown before (6-8,15-19), but to investi-
gate the noninterference of the Q fever vaccine with protection from
the live vaccine strain 1B. These results, which were in agreement
with those obtained previously for vaccine 1B alone (15,16), indicated
that the Q fever vaccine did not affect the protection afforded by the
live chlamydia vaccine.

The effectiveness of the protection demonstrated in this study was
similar to that obtained with the trivalent vaccination (Rev1, 1B, Rv6)
using both a mouse model (6) and a ewe model (7). Therefore, it can
be hypothesized that the 2 vaccines are compatible in ewes. However,
it is necessary to test the absence of negative effects of the double
vaccination on the immunity against Coxiella immunity, although it
has previously been shown that the combination of this Q fever
vaccine with a killed vaccine against chlamydiosis did not affect the
production of antibodies against chlamydia or Coxiella antibodies
(5). As Q fever and chlamydiosis can easily be confused using tra-
ditional diagnosis methods, such as Stamp staining, it is likely that
simultaneous vaccination against these 2 abortive diseases would
be very effective, as was previously proposed for administration of
both chlamydia and toxoplasmosis vaccines (8).

The 2 vaccines were injected at 2 different points on the back to
avoid the risk of interference between the formaldehyde used
to inactivate the Coxiella in Q fever vaccine and the live 1B strain.
Indeed, although combining killed vaccines and live ovine vaccines
is frequent and recommended to decrease the number of needle
sticks (20), killed and live vaccines cannot be injected with the same
syringe. However, the possibility of vaccinating ewes and goats at
the same time would be extremely valuable in reducing the number
of interventions per animal.
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