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Vaccine compatibility

In many countries, vaccination programs still require dogs to be vaccinated against rabies in addition to Canine
distemper virus (CDV), adenovirus (CAV), parvovirus (CPV), parainfluenza virus (CPiV), Leptospira (L) or Canine
coronavirus (CCV= Cv). Few vaccines containing all these antigens are commercially available and, unless
compatibility between the vaccines was demonstrated, concurrent administration of a DAPPi-L(Cv) vaccine and a
vaccine against rabies should not be recommended. This may be of concern for practitioners who wish to
vaccinate dogs with all components on the same day. This study aimed at evaluating immunological compati-
bility between a monovalent rabies vaccine (Rabisin™) and two large combination vaccines against CDV, CAV,
CPV, CPiV with 2 leptospira components +Cv (Recombitek® C6/Cv) or with 4 Leptospira components
(Recombitek® C8), when injected concomitantly at two separate injection sites.

Fourteen days after administration of the rabies vaccine, with or without concomitant administration of
combo vaccines, all dogs had seroconverted against rabies and maintained protective titers over the duration of
the study. In addition, 100% of the puppies vaccinated with one or the other combo vaccines seroconverted
against CDV, CAV, CPV, CPiV (CCV) and Leptospira, whatever the vaccination group. Lack of immunological
interference between Rabisin™ and all components of the Recombitek® C6/Cv or Recombitek® C8 Combo
vaccines was demonstrated by non-inferiority analysis, except for CDV in the Recombitek®C8+ Rabisin™ group.
Based on these results, a concomitant administration of Rabisin™ with Recombitek® C6/Cv or Recombitek® C8
can be recommended in daily practice, which can be essential for facilitating vaccination compliance.

doesn’t need to be systematically included in basic vaccination schemes
(Day et al., 2016). Nevertheless, regular vaccination against rabies re-
mains recommended where the disease still causes a threat, especially in

1. Introduction

Beside receiving the basic vaccination course against canine dis-

temper virus (CDV), adenovirus (CAV), parvovirus (CPV), parainfluenza
virus (CPiV) and leptospirosis, many dogs in the world still require to be
vaccinated against rabies, especially in areas where the disease remains
prevalent and/or vaccination is still mandatory. As long as all those
vaccines were administered annually, practitioners were prompted to
use large combination vaccines, which included the rabies component.
But both the epidemiological situation and vaccine recommendation
have evolved, making such combinations less adapted.

Indeed, due to successful rabies control, routine vaccination against
rabies is no longer recommended in many countries and this component
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E-mail address: dr.jcthibault@gmail.com (J.-C. Thibault).
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Asia, Africa and some areas in South America (Day et al., 2015).

In addition, international vaccination guidelines (Day et al.,2016;
Ford et al., 2017) recognize that all vaccines do not have same duration
of immunity (DOI) and recommend to split vaccines, in particular the
rabies ones, as much as possible. As a matter of fact, even if rabies
vaccination has to be administered annually by law in some high-risk
countries, many rabies vaccines have demonstrated duration of immu-
nity of up to 3 years or even above (Dodds et al., 2020). The same applies
to components such as CPV, CDV and CAV which DOI can also, in some
extend, be monitored through antibody level follow-up, whereas other
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Fig. 1. Mean and individual rabies antibody titerss after a single vaccination on day 21. Group E puppies received one dose of Rabisin™, whereas, group A and group
C puppies received Rabisin™ concomitantly with Recombitek® C8 or Recombitek® C6/CV, respectively.

components, such as Leptospira (L) and Canine Parainfluenza (CPi),
usually require to be readministered every year. As a consequence,
veterinarians require manufacturers to provide rabies component as a
separate option for allowing more flexibility.

Finally, several studies have shown that some components may
interfere with the anti-rabies immune response when administered
together in the same syringe, this being likely linked to some physico-
chemical interactions (Cliquet et al., 2003).

Such larger combinations are usually leading to decreased duration
of immunity of the rabies component. These interferences may also
occur, even when vaccines are administered at two different injection
sites, unless the opposite has been demonstrated, as it has been shown in
previous studies (Bouvet et al., 2018).

However, practitioners are asking for solutions allowing to vaccinate
dogs with all components on the same day, in order to make vaccination
compliance easier to achieve for dog owners.

The objective of this study was to analyze the lack of immunological
interference between a monovalent rabies vaccine (Rabisin™) and two
large combination vaccines against canine distemper virus (CDV),
adenovirus (CAV), parvovirus (CPV), parainfluenza virus (CPiV) and
leptospirosis 2-lway (Recombitek® C6*) or 4-way (Recombitek® C8%),
when injected concomitantly at two separate injection sites. Simulta-
neous administration (mixing the vaccines and injecting them at the
same site) was not tested, since studies have shown that some bacterial
components are likely to modify the immune response to other antigens
after the vaccines are mixed (Cliquet et al., 2003). Injection of the
vaccines at separate sites may prevent such interaction.

2. Materials and methods
2.1. Vaccines

Recombitek®C8: freeze-dried vaccine containing a recombinant
canarypox expressing glycoproteins HA and F of the canine distemper
virus (CDV) and 3 live attenuated viruses (Canine Adenovirus 2 -CAV2,
Canine Parvovirus - CPV and Canine Parainfluenza Virus - CPiV) +
liquid vaccine containing 4 inactivated Leptospira serovars (Icter-
ohaemorrhagiae - Li; Canicola - L¢; Grippotyphosa — Lg; Pomona — Lp).

Recombitek®C6/CV: freeze-dried vaccine containing a recombinant

1 *All vaccines are produced by Boehringer Ingelheim Animal Health

canarypox expressing glycoproteins HA and F of the canine distemper
virus (CDV) and 4 live attenuated viruses (Canine Adenovirus 2 -CAV2,
Canine Parvovirus — CPV, Canine Parainfluenza Virus — CPiV, Canine
Coronavirus - CCV) + liquid vaccine containing 2 inactivated Leptospira
serovars (Icterohaemorrhagiae — Li; Canicola — Lc).

Rabisin™: aluminum hydroxide adjuvanted inactivated vaccine
against rabies.

2.2. Animals

Twenty-five specific pathogen-free (SPF), specific Maternal-Derived
Antibody (MDA)-free Beagle puppies over 15 weeks of age were pro-
vided by a commercial supplier and allocated randomly into five groups
(A to E) of 5 animals each, according to sex and age. All puppies were
chipped (Indexel™) and were allowed to acclimatize during 4 days prior
to the study.

2.3. Experimental procedure

On days 0 and 21, puppies from Groups A and B received one sub-
cutaneous injection of Recombitek® C8. On the same days, puppies from
group C and D received one subcutaneous injection of Recombitek® C6/
CV. On day 21, puppies from Group A and C also received an injection of
Rabisin™ at a separate injection site. Puppies from Group E only
received a single injection of Rabisin™ on day 21.

Blood samples were drawn from all puppies on days 0, 21, 28, 35, 49,
63, and 83 then processed into serum, aliquoted and kept frozen until
analysis.

All puppies were checked daily for possible local and general adverse
reaction(s) throughout the duration of the study.

2.4. Laboratory testing

Titration of anti-rabies antibodies from Groups A, C and E was car-
ried out in an OIE accredited laboratory for rabies (Laboratoire
Départemental 31 EVA, Launaguet / Toulouse, France) by using the
fluorescent antibody virus neutralization (FAVN) test according to the
technique described by Cliquet et al. (1998).

Titration of anti-CDV and anti-CAV was carried out using viral
neutralization assay. Briefly, identical concentrations of virus (200
CCID50 per ml for CDV and 320 CCID50 per ml for CAV) are mixed with
3-fold serial dilutions of sera for a final concentration range of 0.48



Table 1
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Percentage of seroconversion (with confidence intervals) for CDV, CAV, CPV, CPiV and CCV after two vaccine administrations at DO and D21. Group A and B were administered Recombitek®C8 alone on DO and

concomitantly with Rabisin™ on D21. Group C and D received Recombitek®C6,/CV on day 0 and concomitant administration of Recombitek®C6/CV and Rabisin™ on D21. Group E received Rabisin™ only on D21. It

should be noted that one of the puppies in the Rabisin™ vaccinated group was responder against CPiV at D49. Nevertheless, this result should be considered as “false positive”, since the titers was 2.23 log;o ODs, right

above the threshold set statistically at 2.22 log;9 ODsp.

0.2 log 10 ODso

Ccv

2.22 log 10 ODs,

CPiV

1.00 log 10 ODsg

CPV

0.48 10g10 SNsq

CDV

0.48 10g10 SNso

CAV

Valence

Threshold

95% CI for Percentage 95% CI for Percentage 95% CI for Percentage 95% CI for Percentage 95% CI for
percentage percentage percentage percentage

percentage

Percentage

Day

Group

respondersn/N

respondersn/N
100% (5/5)
100% (5/5)

respondersn/N
100% (5/5)
100% (5/5)

respondersn/N
100% (4/4)
100% (5/5)

respondersn/N
100% (5/5)
100% (5/5)

[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[0.0-43.4]

[3.6-62.4]

[0.0-43.4]

[0.0-43.4]

[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[0.0-43.4]

[0.0-43.4]

[0.0-43.4]

[0.0-43.4]

(51.0-100.0]

[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[0.0-43.4]

[0.0-43.4]

[0.0-43.4]

[0.0-43.4]

D35

[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[56.6-100.0]
[37.6,96.4]
[0.0-43.4]
[0.0-43.4]
[0.0-43.4]
[0.0-43.4]

D49

100% (5/5)

100% (5/5)
100% (5/5)

100% (5/5)
100% (5/5)
100% (5/5)

100% (5/5)
100% (5/5)
100% (5/5)

D63
D84

100% (5/5)
100% (5/5)

100% (5/5)

D35

100% (5/5)

100% (5/5)
100% (5/5)

100% (5/5)
100% (5/5)
100% (5/5)

100% (5/5)
100% (5/5)
100% (5/5)

D49
D63

100% (5/5)
100% (5/5)

100% (5/5)

D84

[3.6-62.4]
[3.6-62.4]
[3.6-62.4]
[11.8,76.9]
[11.8,76.9]
[3.6-62.4]
[11.8,76.9]
[3.6-62.4]
[0.0-43.4]
[0.0-43.4]

20% (1/5)
20% (1/5)
20% (1/5)
40% (2/5)
40% (2/5)
20% (1/5)
40% (2/5)
20% (1/5)
0% (0/5)
0% (0/5)
0% (0/5)
0% (0/5)

100% (5/5)

100% (5/5)
100% (5/5)

100% (5/5)
100% (5/5)
100% (5/5)

100% (5/5)
100% (5/5)
100% (5/5)

D35

100% (5/5)
100% (5/5)

D49

100% (5/5)

D63

100% (5/5)

100% (5/5)
100% (5/5)
100% (5/5)

100% (5/5)
100% (5/5)
100% (5/5)

100% (5/5)

D84

100% (5/5)
100% (5/5)

100% (5/5)
100% (5/5)

D35
D49

100% (5/5)

100% (5/5)
100% (5/5)
0% (0/5)
0% (0/5)
0% (0/5)
0% (0/5)

100% (5/5)
80% (4/5)
0% (0/5)
0% (0/5)
0% (0/5)
0% (0/5)

100% (5/5)

D63

100% (5/5)
0% (0/5)
20% (1/5)
0% (0/5)
0% (0/5)

100% (5/5)
0% (0/5)
0% (0/5)
0% (0/5)
0% (0/5)

D84

D35

D49
D63

[0.0-43.4]

[0.0-43.4]

D84
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log10 to 3.84 logl0. Four wells of each sample are evaluated. After 1
(CAV) or 2 (CDV) hours at around 21 °C (CDV) or 37 °C (CAV), the Vero
(CDV) or MDCK (CAV) cellular suspension are added in the mixtures in
each well and then the plates are placed in incubator at 37 °C for 5 (CDV)
or 7 (CAV) days to read the cytopathic effects. The titerss of the sera are
calculated using linear regression and angular transformation and
expressed as virus neutralizing antibody at 50% (log1¢ SNsg). Sera were
considered positive for titerss above 0.48 (logio SN50).

Titration of anti-CPV and anti-CPiV was carried out with proprietary
blocking ELISA. In summary, plates are coated with respectively anti-
VP2 (for CPV) or CPiV capture monoclonal antibody. Then, a previ-
ously co-incubated mixture of tested sera and a fixed amount of
respectively CPV2 or CPi virus are added to the wells. A monoclonal
anti-VP2 or anti-CPiV antibody coupled to peroxidase is finally added
before being revealed by adding the substrate. The titerss of positive
control and test sera are calculated by regression and expressed as titers
ODs. OD is inversely proportional to the amount of antibody and titers
are expressed as log19ODsp compared to the reference positive sera.
Positive threshold was set at 1.00 log;00Dsg for CPV and 2.22 log;oODsg
for CPiV.

CCV antibodies were titrated according to a serum neutralization-
based technique. In brief, serial 1:2 dilutions of the samples to be
tested are performed on a plate to which the prediluted reference virus
at the required concentration (TCID50/ 50 pl) is added. 100 pl of
Crandell-Rees Feline Kidney (CRFK) cells in specific medium are then
added to the wells and plates incubated for 5-7 days at 37 °Cina5 + 1%
CO2 atmosphere. Cytopathic effect is finally determined by examining
the plate under a fluorescent microscope. Results are expressed as the
highest dilution of serum that protects 50% of the wells against viral
infection. Titers above 0.2 (log1o SN5¢) are considered as positive.

Anti-leptospiral antibodies for serovars Canicola, Icterohaemor-
rhagiae and Grippotyphosa, were also titrated by a proprietary blocking
ELISA as described in a recent publication (Cariou et al., 2020). Anti-
bodies against Leptospira Pomona were titrated by microagglutination
technique (MAT) at the Institut Pasteur, National Reference Center for
Leptospirosis, Paris (France).

2.5. Statistical analysis

Statistical analyses were carried out using SAS release 9.4 (SAS
Institute, Cary, NC) with a one-sided test and level of significance at
0.05, except for analyses with descriptive purposes, which include two-
sided 95% confidence intervals.

The primary endpoints for efficacy analysis are the titers measured at
different time points (period DO to D84) for each valence. For each
valence, the descriptive statistics along with two-sided 95% confidence
intervals (CI) were calculated per day and group on the log-transformed
titer (log2 scale for Lp and log10 scale for all other valences). Mean,
Standard Deviation (SD), and 95% CI are provided on a log-transformed
scale (arithmetic mean and standard deviation) and on the original scale
of the antibody titers (geometric mean and geometric standard
deviation).

The lack of immunological interference between Rabisin™ and
Recombitek® C6 and C8 components was evaluated on the maximum
titer obtained for each valence over the measurement period D35 to
D49. Non-inferiority was assessed for the group comparisons and the
maximum antibody titers. For each group comparison and valence, the
maximum loss of serological efficacy used to demonstrate that the as-
sociation of the test vaccine is non-inferior to the reference vaccine is set
to A L = 0.602 on the log10-transformed scale for all valences except Lp,
and A L = 2 on the log2-transformed scale for Lp. The lower limit of the
one-sided 1-alpha confidence interval was computed for alpha = 0.05.
For each comparison, a Student’s t test was carried out to provide the
corresponding p-value. The results of the non-inferiority analyses were
also back transformed in order to provide the geometric mean ratio
(GMR) and its 1-alpha one-sided confidence interval. The corresponding
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Fig. 2. (a) Mean virus-neutralizing antibody titerss against canine distemper (CDV) and canine adenovirus (CAV). The combined vaccines Recombitek®C8 and
Recombitek®C6,/CV were administered on days 0 and 28, and the rabies vaccine on day 28. Fig. 2b: Mean virus ELISA antibody titerss against canine parvovirus
(CPV) and canine parainfluenza virus (CPiV). The combined vaccines Recombitek®C8 and Recombitek®C6,/CV were administered on days 0 and 28, and the rabies

vaccine on day 28.

non-inferiority margins are 25% on the ratio scale.

A secondary endpoint was the immune response for each valence
(seroprotection or seroconversion). Protection rates for Rabies (as
determined by the WHO cut-off value of 0,5 IU/ml) or response rates
(other antigens) along with the two-sided 95% confidence interval were
calculated by day (D35, D49, D63, and D84) and group.

3. Results
3.1. Rabies

Fourteen days after administration of the rabies vaccine, all dogs had
seroconverted, exceeding the WHO protective level against rabies. One
single administration of rabies vaccine, alone or concurrently with
DAPPi-L4 (Recombitek® C8) or DAPPi/CV-L2 (Recombitek® C6/CV)
vaccines, induced high rabies virus- neutralizing titerss in all vaccinated
puppies (Fig. 1). All individual titerss rose above the WHO positivity
threshold of 0.5 IU/ml and remained higher than this level throughout
the rest of the study. Mean titerss were above 3 IU/ml in all rabies-
vaccinated groups whatever the sampling day starting from D35,
which is consistent with the ability of puppies older than 12 weeks to
respond well to rabies vaccine (Cliquet et al., 2003). There was no sig-
nificant difference between the three groups, whether vaccinated with
Rabisin™ only, or concomitantly with the large Combo vaccines,
showing the absence of interference of the DAPPi (CV) and leptospiral
components with rabies vaccine-induced seroconversion.

3.2. Other viral components

All puppies seroconverted against CDV, CAV CPV and CPiV, what-
ever the group receiving one of the combo vaccines (Table 1). For CCV,
the percentage of responders varied from as low as 20% to up to 40%
(Table 1), whatever the group (with or without Rabisin™). One puppy in
group D (Recombitek® C6/CV without Rabisin™) had a low response to
CDV vaccination and was non-responsive at D84. Similarly, one puppy
in group A (Recombitek® C8+Rabisin™) was low responder throughout
the duration of the study. This profile can nevertheless be expected for a
Canarypox-based CDV vaccine which tends to favor cellular immunity
over the humoral one, similarly to some other modified live vaccines
(Pardo et al., 1997).

The kinetics of seroneutralizing titerss against CDV and CAV and
ELISA titerss against CPV and CPiV are presented in Figs. 2a and 2b. All
the puppies were seronegative on day O as a result of their SPF unvac-
cinated status. One injection was sufficient to induce high antibody
titerss against CAV in all vaccinated puppies from groups A, B, C and D.
Strong antibody titerss rise was observed after single CPV vaccine
administration. Seroconversion against CDV usually required two in-
jections. Comparison of mean titerss against CDV, CAV, CPV and CPiV
did not show any significant difference between groups A and B,
respectively vaccinated with Recombitek® C8 alone or Recombitek®
C8 +Rabisin™ as well as between groups C and D respectively vacci-
nated with Recombitek® C6/CV alone or Recombitek® C6/CV
-+Rabisin™. It should be noted that one of the non-vaccinated puppies in
the control group displayed a CPiV titer of 2.23 log;o ODs, right above
the threshold set statistically at 2.221log 19 ODsog and should be



J.-C. Thibault et al. Comparative Immunology, Microbiology and Infectious Diseases 86 (2022) 101803

0D50)
Li [log100D50]

Le [log10¢

T T T T T T T T T T
Do D21 D28 D35 D49 D63 D84 Do D21 D28 D35 D49 D63 D84

Day Day
[Group @A eB eC oD +E| [Group e A eB oC oD «EJ
o o o
o o,

Lg [log100D50]
Lp [log2 unit]

T T T T
Do D21 D28 D35 D49 D63 D84

Day
Group e A eB ¢ E

Fig. 3. mean kinetics of antibodies against Leptospira serogroup Canicola (upper left), serogroup Icterohaemorrhagiae (upper right), serogroup Grippotyphosa
(bottom left) and serogroup Pomona (bottom right).

Table 2

Percentage of seroconversion (with confidence intervals) for Leptospira serogroups Canicola, Icterohaemorrhagiae, Grippotyphosa and Pomona after two adminis-
trations of the vaccines at DO and D21. Group A and B were administered Recombitek®C8 alone on DO and concomitantly with Rabisin™ on D21. Group C and D
received Recombitek®C6/CV on day 0 and concomitant administration of Recombitek®C6/CV and Rabisin™ on D21. Group E received only Rabisin™ on D21.

Valence Lepto. sg. Canicola 0.3 logl0 OD50  Lepto. sg. 0.48 log10 Lepto. sg. 0.43 logl0 Lepto. sg. Pomona 1/100
Threshold Icterohaem. 0Dsg Grippotyphosa ODsg
Group Day Percentage of 95% CI for Percentage of 95% CI for Percentage of 95% CI for Percentage of 95% CI for
respondersn/N percentage respondersn/N percentage respondersn/N percentage respondersn/N percentage
A D35  100% (5/5) [56.6-100.0] 100% (4/4) (51.0-100.0] 100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0]
D49 100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0]
D63  100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0]
D84  100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0]
B D35  100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0]
D49 100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0] 80% (4/5) [37.6,96.4]
D63  100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0] 80% (4/5) [37.6,96.4]
D84  100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0] 80% (4/5) [37.6,96.4]
C D35 100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0]
D49  100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0]
D63  100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0]
D84 100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0]
D D35  100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0]
D49  100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0]
D63  100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0]
D84 100% (5/5) [56.6-100.0] 100% (5/5) [56.6-100.0]
E D35 0% (0/5) [0.0-43.4] 20% (1/5) [3.6-62.4] 20% (1/5) [3.6-62.4] 0% (0/5) [0.0-43.4]
D49 0% (0/5) [0.0-43.4] 0% (0/5) [0.0-43.4] 0% (0/5) [11.8,76.9] 0% (0/5) [0.0-43.4]
D63 0% (0/5) [0.0-43.4] 0% (0/5) [0.0-43.4] 20% (1/5) [3.6-62.4] 0% (0/5) [0.0-43.4]
D84 0% (0/5) [0.0-43.4] 0% (0/5) [0.0-43.4] 60% (3/5) [23.1-88.2] 0% (0/5) [0.0-43.4]
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Table 3
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Results of the statistical non inferiority analysis. The maximum loss of serological efficacy used to demonstrate that the association of the test vaccine is non-inferior to
the reference vaccine is set to A L = 0.602 on the log;o-transformed scale for all valences except Lp, for which A L = 2 on the log,-transformed scale for Lp.

Valence Test vs. reference Delta alpha Arithm. mean difference (log unit) [1-alpha CI) Geom. mean ratio[1-alpha CI) Non-inferiority p-value
CAV Avs.B -0.602 0.05 0.086 [— 0.219, +int) 1.22 [0.60, +int) Yes 0.0015
Cvs.D -0.602 0.05 -0.114 [— 0.338, +int) 0.77 [0.46, +int) Yes 0.0019
Cccv Cvs. D -0.602 0.05 0.080 [— 0.406, +int) 1.20 [0.39, +int) Yes 0.0155
CDV Avs.B -0.602 0.05 -0.132 [— 0.815, +int) 0.74 [0.15, +int) No 0.1184
Cvs.D -0.602 0.05 0.512 [— 0.198, -+int) 3.25 [0.63, +int) Yes 0.0097
CPV Avs.B -0.602 0.05 0.014 [— 0.329, +int) 1.03 [0.47, +int) Yes 0.0051
Cvs.D -0.602 0.05 0.120 [— 0.329, +int) 1.32 [0.47, +int) Yes 0.0087
CPiV Avs.B -0.602 0.05 0.058 [— 0.224, +int) 1.14 [0.60, +int) Yes 0.0012
Cvs.D -0.602 0.05 -0.036 [— 0.371, +int) 0.92 [0.43, +int) Yes 0.0104
Le Avs.B -0.602 0.05 0.192 [— 0.059, +int) 1.56 [0.87, +int) Yes 0.0009
Cvs.D -0.602 0.05 -0.108 [— 0.238, +int) 0.78 [0.58, +int) Yes 0.0001
Lg Avs.B -0.602 0.05 0.292 [— 0.017, +int) 1.96 [0.96, +int) Yes 0.0003
Li Avs.B -0.602 0.05 0.082 [— 0.312, +int) 1.21 [0.49, +int) Yes 0.0093
Cvs.D -0.602 0.05 0.008 [— 0.203, +int) 1.02 [0.63, +int) Yes 0.0003
Lp Avs.B -2 0.05 0.600 [— 0.911, +int) 1.52 [0.53, +int) Yes 0.0063
Rabies Avs. E -0.602 0.05 -0.096 [— 0.476, +int) 0.80 [0.33, +int) Yes 0.0192
Cvs.E -0.602 0.05 0.048 [— 0.295, +int) 1.12 [0.51, +int) Yes 0.0039

considered as false positive.

Similarly, there was no significant difference between groups
vaccinated with C6/CV alone or C6/CV + Rabisin™ regarding the mean
kinetics of ELISA antibodies against CCV (data not shown).

3.3. Leptospiral components

Results for the mean kinetics of antibodies against Leptospira com-
ponents are presented in Fig. 3, as measured in their respective ELISA
test. In all groups, antibodies against Leptospira serovars Canicola and
Icterohaemorrhagiae started to raise strongly already from the first in-
jection, peaking at day 28, slightly decreasing till day 63 for serovar
Canicola, Grippotyphosa and Pomona. Similar antibody profiles were
seen for serovars Grippotyphosa in groups A and B which both were
administered the Recombitek®C8 vaccine. Antibody kinetics for serovar
Pomona had a slightly different profile, peak being reached after the
second injection at D35.

In terms of immune response (percentage of responders), 100% of
the puppies responded to vaccination against serovars Canicola and
Icterohaemorrhagiae in all groups, except those from group E who only
received the rabies vaccine. All puppies responded to vaccination
against serovars Grippotyphosa and Pomona in group A and B vacci-
nated with Recombitek®C8. One puppy became seronegative for sero-
var Pomona in group B (Recombitek®C8 without Rabisin™) from day
49, despite an early seroconversion, as measured by MAT (Table 2).

3.4. Nonv-inferiority analysis

From a statistical point of view, non-inferiority was demonstrated for
all components between corresponding groups (A vs. B and C vs. D),
except CDV for which results of the test was non-conclusive (Table 3).
For this latter component, this was related to one puppy in group A
(Recombitek®C8 + Rabisin™) being a low responder.

4. Discussion

Antibody titerss are markers of the immunogenicity of for most
vaccine components (Tizard and Ni, 1998) and may also be correlated
with protection, as is the case for rabies, CDV and CAV -neutralizing
antibodies, as well as CPV ELISA antibodies (Twark and Dodds, 2000;
Schultz, 2006; Litster et al., 2012; Jensen et al., 2015; Decaro and
Buonavoglia, 2017). For these antigens, the absence of vaccine inter-
ference can be demonstrated by serology. In this study, all vaccinated
dogs raised protective titerss against rabies and/or distemper, adeno-
virus and parvovirus without significant differences between the cor-
responding groups. In particular, the response to rabies vaccination was

not affected by the concomitant administration of the Combo vaccines,
even though they are including several leptospiral components. It is also
noticeable that response to the parvoviral component was very strong,
all puppies seroconverting after a single administration of vaccine. This
shows that, in absence of maternal derived antibodies, puppies are able
to mount very quickly an effective and protective immunity. For CPiV,
despite antibody titerss are not strictly correlated to protection, the
comparable antibody kinetics suggests that the different combinations
(combos with or without rabies) have equivalent immunogenicity. Of
notice, there was an overall poor response to the CCV component which,
in conjunction with the poor proof of virulence of street virus, shows
that CCV vaccine is probably not very useful. This is in line with the
international vaccination guidelines which have classified this valence
as “non-recommended”.

For leptospiral components, ELISA test was preferred to MAT when
available, as MAT titerss are generally low and short-lived (Martin et al.,
2014; Sykes et al., 2011). Efficacy studies conducted with different
leptospiral vaccines, whether combined or not, have shown that most
dogs, despite not having any detectable agglutinating antibodies after
vaccination, are protected against severe challenge reproducing Lep-
tospira acute disease (Bouvet et al., 2016). Agglutinins are therefore
unlikely to be the only protective immune mechanism and not strictly
correlated to protection. Other analytical techniques such as serogroup
specific ELISA (SumanthKumar et al., 2013) are interesting to better
characterize antibody response against Leptospira. Internally developed
ELISA tests were therefore used for serogroups Canicola, Icter-
ohaemorrhagiae, Grippotyphosa (Cariou et al., 2020). Due to their
higher sensitivity, these tests enable a better follow-up of post-vaccinal
antibodies. As an ELISA was still not available for serovar Pomona, MAT
remained the test performed for measuring the antibody response.
Interestingly, those results were also the most variable over the time,
which is consistent with the lower sensitivity of this technique.

The results were consistent for all antigens and demonstrate the
absence of interference between the rabies vaccine and the Recombi-
tek®C8 or Recombitek®C6,/CV Combo vaccines, when considering the
humoral responses. Overall, non-inferiority could be demonstrated for
most components, except for Canine distemper, whereby this was
related to one low-responder puppy. It is worth noting that those non-
inferiority results were already obtained with a limited number of
puppies per group, all groups displaying similar antibody profiles and
responses to vaccination. In particular, it is of utmost importance that
Rabisin™, whether administered alone or concomitantly with large
Combo vaccines such as Recombitek® C6CV and Recombitek®C8, was
able to induce a rapid and strong immune response in all puppies. In
particular, the number of valences did not lead to any interference with
the immune response to rabies or each other. This study also confirms
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the ability of Rabisin™ to induce consistently protective titerss against
rabies in puppies, whether it is administered alone or concomitantly
with other commonly used vaccines. These findings are also consistent
with the results of another study performed in cats where Rabisin™
induced a very strong seroconversion when administered concomitantly
at two separate injection sites with a large combination vaccine (Pure-
vax™ RCPChFeLV) (Guiot et al., 2008).

Practitioners can therefore confidently administer these vaccines on
the same day, as long as they are administered at two separate injection
sites. This will facilitate vaccination compliance, in particular against
rabies, over the life of the dog. It will also provide the necessary flexi-
bility for offering vaccine suited to the patient needs. Indeed, practi-
tioners should be encouraged to adapt vaccination schemes to their
individual patients’ lifestyles and risks, with core valences including
CDV, CAV and CPV for non-rabies countries and CDV, CAV CPV plus
rabies in those countries where the disease is still prevalent — whereas
non-core vaccines against CPiV, Bordetella and leptospirosis should be
administered separately, as it is outlined in vaccination guidelines all
over the world. This would enable the practitioner to comply to the
general recommendations and local needs, limiting antigenic stimula-
tion where it may not be needed.
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