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Despite the fact that pneumonia remains a leading cause of mortality and morbidity in pre-weaned calves, relatively little is known regarding the effects of the concurrent administration of intranasal pneumonia virus vaccines, particularly in calves with high levels of maternally derived antibodies. The objective of this study was to use a cohort of 40 dairy and dairy-beef female and male calves (27 females and 13 males) to determine serological responses to concurrent administration at 3 weeks of age (22 ± 4.85 days) of two commercially available intranasal (IN) vaccines for the viruses: bovine respiratory syncytial virus (BRSV), bovine herpes virus 1 (BoHV-1), and parainfluenza-3-virus (PI3-V). The study groups were as follows: (i) Bovilis IBR Marker Live only® (IO), (ii) Bovilis INtranasal RSP Live® only (RPO), (iii) Concurrent vaccination with Bovilis IBR Marker Live® & Bovilis Intranasal RSP Live® (CV), and (iv) a control group of non-vaccinated calves (CONT). The calves’ serological response post-IN vaccination, clinical health scores, rectal temperatures, and weights were measured. Data were analyzed in SAS using mixed models and logistic regression. The CV calves had an average daily weight gain (ADG) of 0.74 (±0.02) kg, which was similar to CONT (0.77 ± 0.02 kg). Despite no significant differences in the antibody levels between study groups 3 weeks post-IN vaccination, following the administration of subsequent parenteral injections in the form of Bovilis Bovipast RSP®(antigens; inactivated BRSV, inactivated PI3-V, inactivated Mannheimia haemolytica) and Bovilis IBR Marker Live®, the antibody levels of the BRSV and PI3-V increased in both the CV and RPO study groups. Concurrent vaccination resulted in no increase in fever and no difference in health scores when compared to CONT.
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Introduction

Bovine respiratory disease (BRD) is one of the primary causes of morbidity and mortality in cattle worldwide (1, 2). Pneumonia is the general term used to describe respiratory infections that cause inflammation of the lung tissue and airways (3). In Ireland, pneumonia remains the leading cause of death in calves between 1 and 12 months of age and the second most prevalent cause of death in animals less than a month of age (4). While the true extent of subclinical pneumonia cases on farms is still largely unknown, some studies have found that the prevalence of cases can be as high as 67% (5). Bovine respiratory disease often develops as the result of a synergistic infection, comprising both bacterial and viral pathogens. Among the viruses most commonly associated with pneumonia are bovine respiratory syncytial virus (BRSV), parainfluenza type 3 (PI3-V), bovine coronavirus, and bovine herpes virus type 1 (BoHV-1), which cause infectious bovine rhinotracheitis (IBR) (6, 7). In calves, even non-fatal BRD episodes have lifelong ramifications on lung function and animal productivity (8–10).

For dairy heifers, experiencing a clinical episode of pneumonia in calfhood has been associated with an increase in age at first calving (11), as well as a reduced likelihood of completing their first lactation (12); even if heifers do complete this first lactation, their milk yields can be reduced (11–13). In beef cattle, growth performance is impaired by BRD, final carcass weights are lower, and days to finishing are increased following recovery from BRD (14–16). With such a high prevalence, it is understandable that treatment for pneumonia is responsible for a large proportion of the antimicrobial usage in calf rearing (17–20). This often metaphylactic use of antibiotics is a topic of increasing public concern as it is known that metaphylactic antibiotic use contributes to the emergence of antibiotic-resistant bacteria (21, 22). Vaccination in combination with improved animal husbandry and management practices is a key tool that should be employed to reduce dependency on antimicrobials by limiting the spread of BRD (23–26).

Studies have found that beef calves are particularly susceptible to BRD during stressful events such as the post-weaning period or following transport (27). While in dairy heifers, management practices such as milk feeding regime and calf housing have been identified as potential influences for the development of BRD (1). In both systems, delivering vaccine induced immunity to calves prior to weaning, presents a challenge. Vaccination of the neonatal calf, though often recommended, can be limited in its efficacy (28, 29), which is because, in the face of high levels of maternally derived antibodies (MDAs), an antigen is compromised in its ability to induce development of specific immunity to the virus in question due to the protective masking effect of the MDAs, cytokines, and cells transferred from the dam to the calf in the colostrum (23, 28, 29). At birth, calves are agammaglobulinemic and so are entirely dependent on this passive immunity to activate and regulate their immune responses to fight infections (30). As such, it is crucial that calves are fed colostrum of a high enough immunoglobulin concentration to ensure adequate passive transfer and to protect them from infections such as BRD. It is also known that there is an increased risk for the development of infectious diseases including BRD in calves between 2 and 4 weeks of age as maternally derived passive immunity wanes, and a number of reviews have suggested that intranasal (IN) vaccination offers a potential strategy to negate the MDA masking effect (28, 31, 32).

In herds with a history of pneumonia, it is often recommended that calves are vaccinated for BRSV/PI3-V and or IBR (BoHV-1) in their first year of life, and these vaccines may be live-attenuated or inactivated (killed) viruses. It is postulated that intranasally delivered live vaccines are more suitable than killed parental vaccines for administration to neonatal calves because live IN vaccines are believed to induce a localized mucosal immunity, even in the face of maternally derived antibodies. It is speculated that it is common practice on farms to administer multiple live IN pneumonia vaccines together, likely for the ease of animal handling. However, this practice is currently unlicensed as there is a paucity of knowledge on the effects of delivering these intranasal pneumonia vaccinations concurrently. Therefore, it is appropriate that the effects of IN vaccination of neonates should be further investigated (10). Studies on the serological response to IN vaccinations for pneumonia in young calves with high levels of MDAs are also somewhat limited, which may be because historically most initial vaccine efficacy evaluations were carried out on colostrum-deprived or seronegative calves (33, 34). The findings of those studies that have been undertaken on IN vaccination in seropositive calves to date have shown how it may not result in seroconversion but instead may induce a protective localized effect at the mucosal sites of the respiratory tract (35–37).

The objective of our study was to determine the serological response elicited in the face of MDAs following concurrent administration, at 3 weeks of age, of two commercially available IN vaccines, Bovilis® IBR Marker Live and Bovilis® INtranasal RSP® Live, for the viruses BoHV-1 and BRSV and PI3-V, respectively. We also aimed to investigate whether concurrent vaccination had any effect on calf average daily weight gains. The first hypothesis of this study is that concurrent vaccination will elicit a detectable serological response similar to individual vaccine administration at 21 days post-IN delivery. Finally, we also hypothesize that concurrent vaccination will not affect calf growth rates.



Materials and methods


Ethics statement

Ethics approval to complete the study was granted by the Teagasc Animal Ethics Committee (TAEC2020-278), and a license was granted by the Health Products Regulatory Authority (Clinical Field Trial License Number: CT10452/002).



Study groups and measurements

This study was carried out on the Teagasc Dairygold Farm, Kilworth, Co. Cork, Ireland. Eighty-six calves born between the 7th and the 22nd of February 2021 were blood-sampled to obtain the antibody levels for BoHV-1, BRSV, and PI3-V. Colostrum fed calves were included in the study to test vaccine responses in the face of maternally derived antibodies. From this cohort, the 40 calves with the lowest levels of maternally derived antibodies for the viruses BoHV-1 (Range = 144.88–156.60 ± 2.69 SP), BRSV (Range = 35.83–108.72 ± 16.02% Pos), and PI3-V (Range = 23.50–99.75 ± 13.69 c S/P) were selected for inclusion in the study groups. As the trial took place on a dairy research farm herd, the farm’s pre-calving vaccination protocols, colostrum management, and biosecurity were extremely stringent, potentially resulting in higher passive transfer of maternal antibodies to calves than what would be achieved on commercial farms. Therefore, to better represent the immune status of calves typical of the Irish national herd, 40 calves with the lowest levels of maternally derived antibodies on farm were chosen. Sample size calculations were conducted based on the expected difference in serological results between the experimental groups. These expected differences were identified for BRSV (±47.9% Pos), PI3-V (±47 c S/P), and BoHV-1 (±30.5 SP) based on data generated by Barry et al., with values from calves aged 1 to 3 months (38). Ten calves per study group were deemed to provide sufficient power for all virus antibody testing. These calves (N = 40, 27 females and 13 males) were blocked based on birthweight (33.5 ± 7.09 kg), date of birth (14th Feb 2021 ± 4.85 days), and levels of maternally derived antibodies specific to BoHV-1, BRSV, and PI3-V. The animals were then randomly allocated across four study groups, with each group containing 10 calves. The calves were bred from both dairy and beef sires, with the total cohort consisting of 30 dairy calves [Holstein-Friesian (HF), Jersey (JE) and Jersey Holstein-Friesian Cross (HF x Jersey) and 10 dairy-beef calves (HF x Belgian-Blue) (BBX), HF x Aberdeen-Angus (AAX), HF x Charolaise (CHX), HF x Limousine (LMX)].

The four study groups were as follows:

1. Vaccinated with Bovilis IBR Marker Live® (IO).

2. Vaccinated with Bovilis INtranasal RSP Live® (RPO).

3. Vaccinated concurrently with both Bovilis INtranasal RSP Live® and Bovilis IBR Marker Live® (CV).

4. Control not vaccinated—administered with diluent for Bovilis INtranasal RSP Live® and Bovilis IBR Marker® Live (CONT).

During the observational period of the study, those responsible for the daily husbandry of the calves were blinded to the vaccines administered to each group, and this was known only by an impartial body and the veterinary surgeon who administered the doses. No other vaccines were administered to the groups within a 14-day period before or after each vaccination so as to prevent any misattribution of possible side effects. Calves that required individual veterinary treatment with antibiotics or anti-inflammatory drugs were removed from the trial.



Vaccination

All the calves were vaccinated by a veterinarian during a single visit at an average age of 22 ± 4.9 days. The IN vaccines consisted of the lyophilized modified live-attenuated virus(es) (MLV) with a diluent. The active substances contained in the Bovilis INtranasal RSP Live® and Bovilis IBR Marker Live® vaccines were live bovine respiratory syncytial virus (BRSV), strain Jencine-2013: 5.0–7.0 log10 at a 50% tissue culture infective dose (TCID50), live bovine parainfluenza virus type 3 (PIV-3), strain INT2-2013: 4.8–7.0 log10 TCID50, and live bovine herpesvirus type 1 (BHV-1), strain GK/D (gE¯): 105.7–107.0 TCID50, respectively. These vaccines were stored at 2–8°C before use. Immediately prior to administration, the vaccines were reconstituted by transfer of the solvent to the vial with the lyophilizate using a syringe and needle and then re-suspended by shaking. Automatic vaccination guns (MSD Animal Health, Ireland) were used to administer a single dose of 2 mL (1 mL in each nostril) to the calves. The device was calibrated using a diluent, and its nozzles were changed between each animal. The CV group received both vaccines in this manner, separately and immediately after one another. The CONT were given the diluents for both Bovilis INtranasal RSP Live® and Bovilis IBR Marker Live® administered in the same manner as outlined above as a placebo.

Eighty days after the initial IN vaccination, all calves enrolled in the study received parenteral vaccinations for all three viruses, which consisted of a 2-ml intramuscular dose of Bovilis IBR Marker® Live and additionally a 5-ml dose of Bovilis Bovipast RSP®, subcutaneously. This 5-ml dose of Bovilis Bovipast RSP® contained inactivated bovine respiratory syncytial virus, strain EV908 104.7–105.45 at TCID50, inactivated Parainfluenza-3-Virus, strain SF-4 Reisinger 103.54–104.85 TCID50, inactivated Mannheimia haemolytica A1, strain M4/1 104.24–105.0 cells, and the adjuvants aluminum hydroxide B (37.5 mg), quil A (Saponin) 0.189–0.791 mg, and the excipient thiomersal: 0.032–0.058 mg. These parental vaccines were administered so as to assess the response of the different study groups to a subsequent booster vaccination.



Blood sampling and ELISA antibody analysis

Calves were blood-sampled via a jugular vein; 10 mL samples were drawn using a 20-G needle into a vacutainer tube that contained no coagulant or preservatives (both BD, Vaud, Switzerland). The calves were blood-sampled 5 days before IN vaccination (Day −5), then again on the day of IN vaccination (Day 0), for the third time 3 weeks after IN vaccination (Day 21), and for the final time 2 weeks after the parenteral vaccine administration (Day 94). Following collection, all blood samples were refrigerated between 1°C and 5°C and immediately transported to a commercial laboratory for analysis (Enfer Scientific, ULC Newhall, Naas Co. Kildare). The blood serum was used to determine the levels of specific antibodies for each of the viruses. Values for specific BoHV-1, PI3-V, and BRSV antibodies were determined using commercially available indirect ELISA test kits, and serum was diluted according to kit manufacturer’s instructions. The test kits used were IDEXX IBR Individual Ab Test, IDEXX PI-3 Ab Test (both IDEXX Europe B.V, The Netherlands) and SVANOVIR® BRSV-Ab (SVANOVIR INDICAL AB, Sweden). The optical density of the samples was read at 450 nm with a Tecan Sunrise® Absorbance Reader, and Magellan software was then used to define positive and negative control values according to a standard curve (Tecan Trading AG, Switzerland). The corrected optical density absorbance-based semi-quantitative units were expressed as S/P % (sample to positive ratio) for IBR, %P (percent positive) for BRSV, and c S/P % (corrected sample to positive ratio) for PI3-V.

These ELISA optical density (OD) units were calculated from OD readings according to the following formulas from the test kit instruction manuals.

• BRSV; [image: image]

• where BRSV % p ≥ 10 = Positive.

• IBR; [image: image]

• where % S/ p > 50 = Positive.

• PI3-V; [image: image]

• [image: image]).

• where c S/P % ≥ 20 = Positive.



Health scoring

Calves were health scored for 9 continuous days, for 3 days in advance of IN vaccination and for 6 days following IN vaccination. Calves were health scored again for 3 days following parenteral vaccination on Day 80. These health scores were taken according to a modified calf health scoring system devised by Barry et al. (38, 39). This scoring involved a comprehensive evaluation of each animal’s health status, including detailed observations of respiratory rate, coughing, fecal cleanliness, navel and urogenital tract characteristics, nasal discharge, and ocular discharge, ear position, mobility, dehydration, and demeanor, interest in surroundings, and rectal temperature. Calves were scored from zero to three on each of these aspects of health, with zero representing normal and three representing the most severely affected. Calves were scored at the same time each day, an hour after morning feeding. Following cessation of health scoring, animals were monitored daily between feedings for any changes in demeanor or abnormalities, including evidence of poor form, ill thrift, diarrhea, nasal or ocular discharge, or reduction in milk intake.

In addition to health scoring, all animals were observed daily for signs of poor health, and episodes of illness were recorded and treated as necessary by the farm manager/veterinarian. Throughout the study, bouts of nutritional and infectious diarrhea were treated by oral rehydration therapy.

Three calves were withdrawn from the study following veterinary intervention for gastrointestinal illnesses, unrelated to vaccine grouping.



Calf weights

All calves were weighed weekly for the duration of the study (TruTest XR 3000, Tru-test Limited, Auckland, New Zealand).



Animal husbandry

All calves were removed from their dam within 1 h of birth. The calves were then weighed, tagged, and moved to individual pens. Before feeding, all of the collected colostrum were tested using a Brix Refractometer (HI 96801, Hanna Instruments, Woonsocket, RI). Only colostrum with a value of >22% Brix, equivalent to >50 mg/mL IgG (40), was fed to calves. Calves were fed 3 L of colostrum within an hour of birth from a single dam, not necessarily their own (41). This was given as one feed via bottle and teat, with a stomach tube used only if a calf refused to drink the colostrum voluntarily.

The calves remained in individual pens for 2 days and received four further feeds of transition milk. Following this, calves were moved into a general group pen of approximately 20 calves in the main calf house. Once randomized, the selected 40 experimental calves were moved into their group pens. These pens were designed to ensure calves had no shared airspace or nose to nose contact with animals from the other study groups. Solid concrete dividing partitions and alternating vacant pens were in place to ensure that each of the study groups were kept a minimum of 5 m apart so as to prevent the possible spread of the live vaccine strains to the alternative study groups. Pens were straw bedded to a depth of 15 cm, and straw was topped up daily and fully cleaned out every 3 days. Each calf had a minimum space allowance of 1.7m2 with an additional outdoor feeding area. Ventilation was passive in the calf houses. Tiny Tag data loggers were used to record atmospheric temperature and relative humidity (Gemini Data Loggers Ltd., UK).

All calves were fed 3 L twice daily (6 L/day) with 26% crude protein milk replacer (Volac Heiferlac Instant, Volac, Hertfordshire, United Kingdom), which was mixed at a reconstitution rate of 15% through 10 teat compartmentalized feeders (JFC Manufacturing, Tuam Co. Galway, Ireland). To prevent the spread of the live vaccine virus strains from saliva between study groups, each group had a separate 10 teat compartmentalized milk feeder. The calves were gradually weaned, simultaneously, over a 10-day period and were fully weaned at an average age of 11.7 (±0.68) weeks.

Calves had access to ad libitum water and concentrates (18% crude protein, ingredients; barley, soya meal, sugar beet pulp, distiller’s grains, rape seed meal, and maize; Sweet Start Calf Starter Pencils, Southern Milling, Cork, Ireland). At weaning, all calves were consuming >1 kg of concentrates per day. Following weaning, the concentrate calves offered were changed (17% crude protein, ingredients; barley, distillers dried grain, maize, sugar beet pulp, rape seed meal, oats, soy hulls, palm kernel, soya (bean) meal Super Calf Rearer Nuts, Southern Milling, Cork, Ireland).

Biosecurity protocols included disinfecting boots and overclothing and changing gloves when moving between pens. Three weeks post-IN vaccination, the calves were removed from their respective group isolation pen and housed together. After 2 weeks, the calves were moved outdoors to pasture as a single group and remained separated from other animals on the farm until the end of the study.



Statistical analysis

All data analyses were performed using SAS (2013) version 9.4 (SAS Institute Inc., Cary, NC, USA). Calf was considered as the experimental unit. Normality was assessed using PROC UNIVARIATE. Dependent variables were found to follow a normal distribution pattern. Due to a wide range in birthweights in the data, birth weights were centered by breed class (dairy or dairy-beef). A mixed model (PROC MIXED) was used to determine whether group had an effect on weight data and ELISA OD unit values for IBR, BRSV, and PI3-V. Least square means and interactions were examined between significant variables in each mixed model. Study group, breed class, sex, and time from IN vaccination were included as categorical variables. The final models for weight data and ELISA OD unit values comprised of the interaction between study group and time since vaccination in addition to breed class (dairy or dairy-beef) nested within study group. Calves’ centered birth weights, week of birth, age at vaccination (in days), and sex were considered fixed effects. The calves’ baseline virus antibody levels at Day −5 for each of the viruses being analyzed were included as covariates in ELISA OD unit models. Calf was included as a random effect and time since vaccination as a repeated measure. Tukey’s adjustment was included to account for unequal group sizes following study withdrawals. For all the analyses, significance was declared at a value of p of <0.05.

The frequency procedure (PROC FREQ) was used to report the non-normal distribution of categorical variables related to respiratory health scoring. To create binary data for analysis, health scoring categories were condensed into one overall cumulative pneumonia sign score. The respiratory health parameters that were scored and grouped into this aggregated pneumonia sign score were cough, respiratory score, demeanor, eyes and ocular discharge, ear position, nasal discharge, mobility, and interest in surroundings. Each calf was classified as having shown or not shown these aggregated pneumonia signs, meaning that a calf showed signs of severity of 1 or greater (from the four point scale; 0, 1, 2, 3) for two or more respiratory health parameters or showed signs of severity greater than 2 for an individual respiratory health parameter. To examine the effect of study group on rectal temperature, the data were also categorized into low (<38.5°C), normal (≥38.5°C – ≤ 39.5°C), and fever (>39.5°C).

PROC LOGISTIC was used to build a multinomial logistic regression model to determine the association between study groups, sex, breed classification, categorized rectal temperature, age in days at vaccination, and the aggregated pneumonia sign score. The controls were designated as the reference category for study group, female designated as the reference category for sex, and dairy as the reference category for breed class. The continuous variable rectal temperature was given a unit score of 0.5°C, and calf age at vaccination was also included in the model. The probability modeled was that showing two or more pneumonia signs >1 (binary, yes/no) and showing 1 pneumonia sign >2 was equal to 1. The likelihood of health events was reported as odds ratios (OD), with 95% confidence intervals (CIs).




Results


Environmental conditions

The average temperature in the calf houses throughout the period of housing was 9.3 ± 4.01°C; the average relative humidity was 81.3 ± 14.03%. The maximum air temperature in the calf houses was 23.6°C, the minimum air temperature was −1.0°C. The minimum and maximum relative humidity were 27 and 100%, respectively.



Health scores

According to health scores, no adverse reactions were observed following concurrent vaccination (Table 1), the CV was not more likely to exhibit the statistically grouped pneumonia signs than CONT (OR = 0.975, CI = 0.534–1.779).



TABLE 1 Distribution frequencies (%) of individual and grouped health factor scores for each study group the days before and after IN vaccination*.
[image: Table1]



Rectal temperatures

Study group did not have a significant effect on rectal temperatures (p = 0.676), although the vaccine delivery method was found to affect the likelihood of a fever occurring. While IN vaccination did not increase the likelihood that a calf would have a fever (OR = 1.189; CI = 0.700–1.994), post-parenteral vaccine delivery calves were 5.9 (CI = 3.610–9.752) times more likely to have a temperature > 39.5°C (p < 0.0001) than they were post-IN vaccination.



Weights and average daily gains

The study group had a significant effect on average daily gains (ADGs) (p = 0.031; Table 2) from week 3 to week 18 post-IN vaccination, but there was no difference in ADGs (kg) between CV calves and CONT at any time point (Table 2).



TABLE 2 Adjusted average daily gain (kg) for each study group by time periods, with standard error mean (SEM) across all study groups.
[image: Table2]

However, CONT gained more weight than IO and RPO calves, which were similar (Table 2). During the pre-weaning period, RPO gained on average 0.09 (±0.026) kg less per day than CONT (Table 2). Post-weaning IO gained 0.13 (± 0.041) kg less per day than CV (Table 2).

There was a significant study group by week interaction effect on calf weight (p = 0.026; Figure 1). However, the CV calves were of similar weight to the CONT calves across the duration of the study (p = 0.632; Figure 1).

[image: Figure 1]

FIGURE 1
 Adjusted average weights for each vaccination group by number of weeks on trial, calves were three weeks of age (22 ± 4.9 days of age) on the day of IN vaccination; Controls (CONT), vaccinated with just Bovilis IBR Marker Live (IO), vaccinated with just Bovilis INtranasal RSP Live (RPO), vaccinated concurrently with both Bovilis INtranasal RSP Live and Bovilis IBR Marker Live (CV). Dashed line on the x-axis indicates each post vaccination blood sampling event, ^ indicates weeks where groups were significantly different.




Virus-specific antibodies

The study group had a significant effect on antibody levels against PI3-V (p = 0.003). While initially there were no significant differences across the study groups in antibody levels for PI3-V at Day 21 (p > 0.05), by Day 94, RPO and CV calves had significantly higher PI3-V antibodies than IO and CONT (p < 0.05; Figure 2). The study group was not significant for BRSV antibodies across the duration of the study (p = 0.640), but at Day 94, CV had significantly higher BRSV antibodies than the CONT (p = 0.0.011; Figure 2). Calves vaccinated for BRSV and PI3-V intranasally at 3 weeks of age (RPO and CV) showed a heightened response to both viruses following the parenteral BRSV/PI3-V vaccination when compared to CONT and IO, which were similar (Figure 2).

[image: Figure 2]

FIGURE 2
 Bovine herpes virus type 1 (IBR), para-influenza type 3 (P13-V), and bovine respiratory syncytial virus (BRSV), Controls (CONT), vaccinated with just Bovilis IBR Marker Live® (IO), vaccinated with just Bovilis INtranasal RSP Live® (RPO), vaccinated concurrently with both Bovilis INtranasal RSP Live® and Bovilis IBR Marker Live® (CV). * c S/P % ≥ 20 = Positive, ** % P ≥ 10 = Positive, *** % S/P > 50 = Positive. Dashed line on the x-axis indicates each blood sampling event at Day -5, Day 21 and Day 94, dashed line on the y axis for seropositivity threshold. (A) BRSV %Pos *: Adjusted mean vaccination group ± SE corrected percent positive for BRSV antibodies at each blood sampling event. (B) IBR ** S/P %: Adjusted mean vaccination group ± SE antibody sample to positive ratio for IBR (BoHV-1) antibodies at each blooding event. (C) PI3-V c S/P %*: Adjusted mean vaccination group ± SE corrected sample to positive ratio for P13-V antibodies at each blood sampling event.


The study group did not have a significant effect on BoHV-1 antibody levels following IN or parenteral vaccination (Figure 2; p = 0.172). Due to the high levels of specific BoHV-1 antibodies on Day 0, subsequent IBR gE tests were also carried out on Day −5 and Day 0 sera. On Day 0, wild-type BoHV-1 virus antibodies were confirmed as present in calf sera; the IBR gE antibody levels also showed no significant difference between study groups for wild-type antibodies on Day −5 (p = 0.574) or Day 0 (p = 0.217).




Discussion


Serological response

We failed to accept the second hypothesis that concurrent vaccination would elicit a detectable serological response similar to individual vaccine administration at 21 days post-IN delivery, and the vaccines did not alter antibody levels in the calves at 3 weeks post-IN. It has been previously observed that vaccination in the face of maternally derived antibodies can fail to evoke a serological response but may induce an amnesic response upon later antigen exposure (36). There was no significant difference between the study groups for any of the three viruses at Day 21. Overall antibody levels fell for each of the viruses in all study groups, but this reduction in antibodies is in line with the observed rates of natural rates of maternally derived colostral antibody decay observed by Kirkpatrick et al. (42). It is likely that the presence of maternally derived antibodies masked any detectable emergence of serological responses to the IN vaccines; however, studies have shown that intranasal vaccines can be associated with the upregulation of genes leading to the induction of innate and specific cellular immune pathways (43). The protection conferred by maternal antibodies is somewhat counter-intuitive to the development of an adaptive immune response via vaccination, as the MDAs can bind the virus particles, blocking the development of B cell clonal expansion by the calves’ own immune system. Kirkpatrick et al. found that such maternally derived antibodies can persist for as long as 200 days for BRSV, > 65 days for BoHV-1, and > 183 days for PI3-V. Barry et al. also found that IBR, BRSV, and PI3-V derived from colostrum persisted for several months (41, 42).

The findings of the ELISA carried out are not entirely unique, and several other studies have observed that vaccinations of calves in the face of high levels of MDAs often fail to induce a serological response, but young calves immune systems can then show an amnesic effect upon re-encountering the virus particles (23, 44). In our study, this was seen as an apparent “primed” response to parenteral vaccination with BRSV and PI3-V in the calves that had received a prior IN vaccine (RPO and CV), which is because live intranasal vaccines likely first elicit a non-humoral predominantly cell-mediated response (23, 28). However, a humoral immune response was then seen on Day 94 when an improved or “primed” response to BRSV and PI3-V parenteral vaccines was seen in the CV and RPO study groups. Crucially, these antibody levels for BRSV and PI3-V were not significantly different between the RPO and CV.

The “primed” immune status seen on Day 94 in CV and RPO indicates that the intranasal vaccination set in motion an innate immune cascade response to the MLV at the site of infection. Upon recognition of a virus particle, the host immune system will produce a range of signaling chemokines and cytokines (45). This cascade response may not result in a detectable serological change; however, a prior study showed how it is sufficient to overcome a disease challenge (36). In this experiment and others, it induced improved responses to a parenteral vaccine dose (46). Mucosal immune signaling may not confer long-term immunity but potentially protects calves from the infection before they are old enough to develop a sustained immune response or to build an established immunological memory via a second vaccination. There are a number of studies which have been undertaken in other mammals that have shown how maternal antibody influence may impair the development of humoral responses but can act to improve the development of cell-mediated immunity and signaling (35, 47, 48). A potential explanation as to how the calves failed to show a serological response 3 weeks post-IN vaccination is due to the masking influence of maternally derived antibodies. This capacity of colostrum-derived antibodies to limit the efficacy of intranasal vaccination is well documented (36). Another study of similar methodology by Palomares et al. that involved intranasally vaccinating calves against BoHV-1, BRSV, and PI3-V, followed by the delivery of either IN or parenteral boosters, found similarly that an amnesic antibody response to IN vaccination will occur post parenteral booster delivery; interestingly, the study also found that subcutaneous booster vaccination induced significantly greater BRSV-specific antibody titers and IgA concentration compared to calves that received no prior IN vaccination (49). Based on these findings and the findings of current study, it would appear that the delivery of an IN vaccination to the neonate followed by a parenteral booster may be most effective vaccination strategy against BoHV-1, BRSV, and PI3-V.

An alternative strategy sometimes suggested to attempt to overcome the masking effect seen in calves with high MDA titers is to vaccinate the calf immediately post-birth before the colostral antibodies are absorbed and can take effect on the vaccine derived antigens. However, a 2023 study by Martínez et al. found that calves vaccinated intranasally at birth with an MLV BRSV vaccine showed similar responses to controls following a later disease challenge (50). Suggesting this practice is of no benefit. Intranasal vaccination several weeks post-colostrum followed by a parenteral booster post-weaning later may provide better protection, while a 2012 study by Hill et al. found that vaccinating calves intranasally at 0 and then again at 35 days of age with a MLV vaccine against bovine herpesvirus 1, bovine viral diarrhea virus 1, and bovine viral diarrhea virus 2 did induce IgA production (46). A study to further investigate the most optimal time of delivery of IN vaccination to the neonatal calf is perhaps warranted and should be a topic of further investigation.

The calves in this study had high initial levels of immunoglobulins to the viruses in question, which is likely because they received high quality colostrum, greater than 22% on the Brix refractometer, equivalent to 50 mg/mL (40, 51). Good colostrum management is a cornerstone of calf rearing, it must always prioritized to ensure optimum protection against infectious diseases in the young calf, regardless of a herd’s vaccination plan or disease status (39, 41).

Interestingly, IBR antibody levels remained similar across study groups in the weeks following IN vaccination and even at Day 94, i.e., post-parenteral vaccination administration. The IBR vaccination program of the herd from which the calves enrolled in the experiment were selected involved vaccinating the dams on average 4 weeks before calving, which may partly explain the high levels of antibodies observed in the calves at Day 0. Furthermore, our subsequent retesting of calf sera for BoHV-1 gE revealed that antibodies for wild-type IBR virus were also present in the calf sera at Day 0. Therefore, it is likely that the wild-type BoHV-1 antibodies present in the colostrum were of high enough levels to mask any response to the intranasal IBR vaccinations given to the IO and CV calves. In herds such as this with circulating infection, it is recommended that young stock are vaccinated prior to entering the mature herd. While intranasal vaccination does not always allow for a strong T-cell or humoral response, it does ensure targeted delivery of the antigen onto the mucosal surface, which is believed to confer protection directly at the site of pathogen entry (52).

Intranasal vaccination can also certainly play an additional role in priming calves for a second parenteral vaccination, helping to induce an improved endogenous humoral response as maternally derived antibodies decay. The ability of intranasal vaccines to also induce this mucosal immunity is one of their key advantages for use in young animals. Woolums et al. found that IN vaccination against BRSV with MLV resulted in increased IFN-γ levels (a key immune signaling cytokine) following an induced BRSV challenge (37). While this trial contained no challenge component to verify vaccine efficacy, another IN vaccine study with similar methodology showed that IN MLV vaccinations can trigger localized mucosal innate immune responses (31). We would postulate that additional testing for inflammatory modulators, e.g., IFN-α and IFN-γ, may have revealed a detectable innate immune response to the IN vaccinations (37, 53, 54).



Effect of vaccination on average daily weight gain

We failed to reject the hypothesis that CV vaccination would have no effect on weight, while initially it might have been expected that vaccination would result in improved weight gain by reducing infection associated with ill thrift. Average daily gains were the same in CV and CONT. Therefore, both CV and CONT mean ADGs did meet the recommended target of 0.70 kg/day for pre-weaning average daily weight gain in dairy and dairy-beef calves (55, 56). The IO and RPO calves gained significantly less weight than the CONT. This is an interesting finding as it would suggest that the concurrent vaccination had no effect on weight gain but that vaccination with the vaccine for BoHV-1 or BRSV/PI3-V alone may have resulted in poorer growth performances. The reason for this difference remains unclear and perhaps warrants further investigation. Several other studies have also found that pneumonia virus vaccination of calves may not result in improved weight gains in calves (57–59). It is possible that episodes of mild scours that, across all treatment groups during the trial, were also in part responsible for these generally poor growth rates. In addition, as three calves were withdrawn from the study (two animals from CONT group and one from the RPO group), before completion due to unrelated gastrointestinal illnesses, it is also possible that the experiment was under powered, meaning any potential differences in weight gain not seen were due to the reduced group sizes. While this study has shown that the initial challenge of the modified live vaccine viruses may have impaired calf weight gain in the short term, it is perhaps worth balancing this against the risks to animal welfare and performance that can be posed through the onset of an acute infection, if animals are to remain naïve and contract the virus(es).

It is well documented that respiratory disease outbreaks have long-term implications on animal performance. It has also been suggested that subclinical pneumonia is often an underlying cause for ill thrift in both dairy and beef animals (60). Failing to reach target weights has long-term implications on heifer fertility and production performance (13, 61). Poor health of course reduces calf weight gain both directly through the metabolic burden of fighting an infection, be it acute or chronic, and indirectly as symptomatic onset will reduce calf concentrate and milk intake. Post-mortem studies may also find many animals that have experienced pneumonia in calfhood will present with lesions at slaughter, suggestive of a lifetime of chronic infection. Vaccination of the young animals could offer a protective effect against the development of this state of impaired growth due to persistent infection.



Pneumonia signs

Concurrently vaccinated calves were found to be no more likely to exhibit signs of pneumonia in the days after vaccination than CONT. The rectal temperature results also showed that the calves did not experience a fever response to the intranasal vaccines. While this study involved a small sample size of 10 calves, on a single farm, no adverse effects were noticed following vaccination. The lack of significant differences in health scores, pneumonia signs, and rectal temperatures would suggest that it is likely safe to administer Bovilis IBR Marker Live only® and Bovilis Intranasal RSP Live® simultaneously.



Future implications

The intranasal concurrent vaccination resulted in a successful “priming” response to subsequent BRSV and PI3-V antigen exposure. This “priming” was demonstrated by the anamnestic antigen responses seen following the administration of a subsequent parenteral vaccine. This is an important finding as it relates directly to calves vaccinated in the face of MDAs. If trials for licensing vaccine efficacy are carried out on colostrum-deprived seronegative calves, they are not directly applicable to on-farm practices as calves receiving colostrum will be subject to this interference by MDAs. However, the findings of this study would suggest that IN vaccination may be effective in priming calves for an improved serological response to a parental injection and that the delivery of both vaccines simultaneously is likely safe. The finding also suggests that both intranasal vaccines could safely be delivered simultaneously from as young as 3 weeks of age, an important consideration for ease of animal handling and, additionally, if a farmer/veterinarian is opting to vaccinate in the face of an outbreak if the causative viral agent(s) of an infectious outbreak are unknown.

The aim of a vaccination program is not only to reduce the spread of disease but also to critically limit viral shedding in already infected animals (62, 63). It is recommended, for example, that dairy replacement heifer calves should undergo a vaccination plan in their first year of life to avoid entering the herd naïve to the viruses already circulating in the mature cow herd. If heifers contract these viruses either as young calves or when entering the milking herd, it can lead to reduced milk yields. Intranasal vaccination may be crucial in reducing dependency on antimicrobials in the treatment of respiratory infections, with pneumonia still being one of the main reasons for their use in pre-weaned calves (18, 62). Given that recent studies have isolated multidrug-resistant Mannheimia haemolytica from high-risk beef stocker cattle after antimicrobial metaphylaxis, it is important that farmers and vets employ strategies to limit this dependency on antimicrobials (64). Vaccination when combined with optimized colostrum management, nutrition, and housing should act to reduce the incidence of respiratory infections in pre-weaned calves.




Conclusion

The results of this field trial suggest that calves vaccinated intranasally via concurrent administration of IBR Marker Live® and Bovilis INtranasal RSP Live® at 3 weeks of age can develop an amnestic response to BRSV and PI3-V antigens. This “priming” response was observed following a second exposure to the virus antigens in a parenteral vaccination at 15 weeks of age, which indicates that intranasal followed by parental vaccination improved immunity to BRSV and PI3-V in pre-weaned dairy and dairy-beef calves as compared to the CONT calves that were given only a delayed parental vaccination. Additionally, it could result in improved effectiveness of parental pneumonia vaccines given subsequently.
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“Controls (CONT), vaccinated with just Bovilis IBR Marker Live’ (10), vaccinated with just Bovilis INtranasal RSP Live" (RPO), vaccinated concurrently with both Bovils INtranasal RSP
Live" and Bovilis IBR Marker Live (CV), Period 1, clinically health scored for 3 days before intranasal (IN) vaccination; Period 2, clinically health scored for 6 days afier IN vaccination.
**Grouped pneumonia signs; meaning that calf showed signs of severity >1 (from the four point scale; 0, 1, 2, 3) for 2 or more of the respiratory health parameters; cough, nasal discharge,
ocular discharge, ear position, respiratory score, demeanor, mobility, and interest in surroundings or else showed signs of severity >2 for an individual respiratory health parameter.
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